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ABSTRACT
Intern Experience at the General E le c t r ic  Company (December 1982) 
Bruce Michael Aucoin, B .S . ,  University of  New Orleans;
M. Engr.,  Texas A&M Universi ty  
Chairman of  Advisory Committee: Dr. B.D. Russell
This report examines my internship with the General E le c t r ic  
Company. During the internship, I primarily worked on the Arcing 
Fault  Detector,  a device which Texas A&M University had developed. 
The Arcing Fault  Detector improves the detection of  fa l len  conductor 
fau lts  on e le c t r i c  power d istr ibut ion  systems. This report describes  
my technical and business-related a c t i v i t i e s  during the internship .  
The report a lso discusses the progress we made on the Arcing Fault  
Detector project .
General E le c t r i c  intended that I design a commercial model of the 
detector.  I did not accomplish th is  objective because substantial 
design and marketing e ffor ts  were needed for General E le c t r i c  to 
develop a successful fault  detector. Also, General E le c t r ic  could not 
assign additional personnel to this  project.  We experienced 
goal-sett ing problems during the internship because the project status 
was misunderstood and because there was excessive enthusiasm for the 
project .
The accomplishments of the internship advanced the Arcing Fault  
Detector toward commercialization. I transferred the results  of the 
Texas A&M research to General E le c t r i c .  We improved the fault  
detection concept. I converted the Texas A&M research design of the 
detector into a design compatible with General E le c t r ic  pract ices . I 
also helped General E le c t r ic  to evaluate the obstacles to 
commercializing th is  product. These accomplishments enable General 
E le c t r i c  to develop the Arcing Fault  Detector into a marketable 
product.
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XEXECUTIVE SUMMARY
I completed the internship requirements for the Doctor of  
Engineering degree with the General E le c t r ic  Company. My primary 
re s p o n s ib i l i ty  during the internship was to develop the Arcing Fault  
Detector, a device which I had helped research at Texas A&M.
The Arcing Fault Detector improves the detection of fal len  
e le c t r i c  d is t r ib u t io n  wires. Distr ibut ion c i r c u i t s  commonly employ 
overcurrent protect ive devices which interrupt power when the current 
in the c i r c u i t  exceeds a safe le v e l .  Often, overcurrent protective  
devices cannot id e nt i fy  fa l len  power l ines  because these l ines  do not 
draw enough current.  Fallen conductors which remain energized are 
hazardous. U t i l i t y  companies desire to improve the detection of 
fa l len  conductors to improve safety.
Texas A&M Univers ity researched the detection concept for the 
Arcing Fault  Detector and demonstrated a prototype of the device. The 
prototype id e n t i f ie d  several fa l len  conductor occurrences which 
overcurrent protective devices did not recognize. The Texas A&M 
research also id e n t i f ied  the l imitat ions  of the detection concept.
General E le c t r i c  purchased a patent l icense for the Arcing Fault  
Detector from Texas A&M and embarked on a program to market the 
device. The purpose of my internship was to transfer  the results of 
the Texas A&M research to General E le c t r ic .
General E le c t r i c  assigned me to th e i r  Dig ital  Systems Operation 
o f f i c e .  The objectives they set for my internship were to construct 
prototype fau lt  detectors and to develop a production plan for the 
device.
I did not accomplish the objectives of General E le c t r ic  because 
the product was not ready to be commercialized. Much more work was 
required to develop the Texas A&M detector into a marketable product. 
The detection concept exhibited two character is t ics  which l imited i t s  
usefulness as a product. Capacitor banks attenuate the signal which 
the detector monitors. Tuning devices placed on capacitor  banks 
permit the signal to propagate, but these devices are expensive. 
Ad d i t io n a l ly ,  a detector on one c i r c u i t  may ident i fy  a fa l len  
conductor on another c i r c u i t .  To be useful,  the Arcing Fault  Detector 
must detect only those faults  on the c i r c u i t s  which i t  monitors.
There are several other problems associated with bringing the 
Arcing Fault  Detector to the market. Manufacturers and u t i l i t i e s  face 
sensit ive  and contradictory l i a b i l i t y  problems with the product. It 
i s  d i f f i c u l t  to j u s t i f y  economically why we should improve the 
detection of fa l len  conductor fau l ts .  The Arcing Fault Detector could 
interrupt customer service more often and for longer periods of time 
than would exist ing  overcurrent devices, possibly reducing safety.  It 
is  d i f f i c u l t  to market a product which many u t i l i t i e s  would feel 
forced to use to avoid l i a b i l i t y .  These business-related problems 
complicate any attempt to predict the potential success of the 
detector.
The 6E management team and I had d i f f i c u l t y  agreeing on the goals 
for my internship  and for the Arcing Fault Detector project .  The 
management team misunderstood the status and the scope of the project.  
They believed that we could eas i ly  convert the Texas A&M prototype 
into a successful product. The misunderstanding apparently began with 
a breakdown in the communication of the project status from Texas A&M 
to General E l e c t r i c .  Excessive enthusiasm and expectations for the 
product caused the goal-setting problems we experienced. I 
contributed to the goal-setting problems by not asserting, from the 
s t a r t ,  that I disagreed with the internship object ives. We did not 
agree on the d irect ion  of the project unti l well into the second hal f  
of the internship .
My assignments during the f i r s t  ha l f  of  the internship were 
directed toward constructing prototype detectors.  I developed a 
product plan for the detector and scheduled a c t i v i t i e s  to meet the 
goal of prototype de l ivery .  I developed an architecture  for the 
detector which incorporated major improvements in the detection 
concept. I also designed the hardware for the prototypes and wrote 
the algorithm for fau lt  detection in a design language.
Approximately halfway through the internship, the organizational 
structure was changed. At about the same time, the management team 
recognized that we would not meet the goal of quick commercialization. 
Accordingly, my assignments during the second half  of the internship  
were directed toward investigat ing the problems with marketing the 
Arcing Fault  Detector.  We gauged the demand for the product by
attempting to se ll  prototype detectors.  We also surveyed how u t i l i t y  
companies reacted to the Arcing Fault Detector. Negative reactions  
from several u t i l i t i e s  caused us to investigate ways to improve the 
product. We discussed the product l i a b i l i t y  issues with a company 
lawyer. I helped to ident i fy  and to evaluate options for the future 
of the program. Before concluding the internship , I submitted to 
General E le c t r i c  a f inal report of my a c t i v i t i e s  during the internship  
and a summary of the business and technical status of the project.
During the internship I helped to develop the Arcing Fault  
Detector and helped investigate the problems with commercializing i t .  
I did not meet the objective of quick commercialization because we 
needed more technical development, marketing ana lys is ,  and personnel 
to develop the detector into a marketable product. My contributions  
to General E le c t r i c  were the following:
1. I transmitted the Texas A&M research results to General 
E le c t r i c .
2. I further developed the fault  detection concept.
3. I produced a design of the detector which conforms to 
General E le c t r i c  standards and pract ices.
4. I helped General E le c t r ic  ident i fy  and evaluate the 
obstacles to commercializing the Arcing Fault Detector.
My internship  experience was rewarding and helped me to mature as 
an engineer and as a person. I have learned that i t  is  important to 
foster  good communication. I enjoyed the opportunity to apply my
xi v
problem-solving s k i l l s  in industry.
1CHAPTER I 
INTRODUCTION
Overview of  Internship
This report describes my internship with the General E le c t r ic  
Company (GE) in King of  Prussia, Pennsylvania. The internship was 
completed as one of the requirements for the Doctor of Engineering 
degree at Texas A&M University (TAMU). The Doctor o f  Engineering 
program is  geared to educate students in technical management. The 
internship enables the student to apply his knowledge in an industr ial  
environment and to experience the organizational approach to solving 
problems.
During the nine month internship, I was responsible for  
commercially developing the Arcing Fault Detector (AFD). Dr. B.D. 
Russell of TAMU invented th is  device. I part icipated in research on 
the AFD while I pursued graduate studies at TAMU during the period 
1977-1981. Intending to market the AFD, General E le c t r ic  purchased a 
patent l i cense for the product from Texas A&M. I was employed by GE 
to t ra n sfe r  my knowledge of the fau lt  detector to th e i r  company.
The IEEE Transactions on Power Apparatus and Systems was used as a 
model fo r  s ty le  and format for  th is  report.
2Product Purpose
The purpose of the Arcing Fault Detector is to improve the 
detection of fa l len  e le c t r i c  d is t r ibut ion  conductors. Occasionally,  
e le c t r i c  u t i l i t y  d is t r ib u t io n  wires break and fa l l  to the ground. 
F a l l in g  tree limbs or accumulated ice may cause wires to break. The 
wires may also f a l l  when an automobile str ikes  a u t i l i t y  pole. 
Usually ,  ex is t ing  protective devices detect these fa l len  conductors 
and then interrupt  power to the affected c i r c u i t .  However, some 
fa l len  conductors are not detected and remain energized for  a long 
time. This s i tuat ion  is  hazardous. Arcing often occurs when a high 
voltage conductor contacts the ground; the Arcing Fault  Detector 
provides more sensit ive  detection of th is  arcing than do existing  
protect ive devices.
TAMU Research
The intent of  the research at Texas A&M was to determine i f  the 
AFD could detect fa l len  conductors. A prototype detector was f i r s t  
tested with data recordings from many fa l len  conductor incidents and 
was then tested under actual fault  conditions. The AFD successful ly  
id e n t i f ie d  many fa l len  conductor occurrences which exist ing protective  
devices did not recognize. While i t  was shown that the detection 
concept was fea s ib le ,  several l im itat ions  of the detection device were 
also noted during the research.
3Goal C o n f l ic t  During Internship
General E le c t r i c  developed interest  in the TAMU research and 
executed a l icense  agreement with the Univers ity  for the AFD. General 
E le c t r i c  then in i t i a t e d  a program to commercialize the detector.  The 
intent o f  my internship was to t ransfer  the results  of the TAMU 
research to GE.
Soon a f t e r  the internship began, problems developed. These 
problems involved setting objectives for my internship and for the AFD 
project.
The goal of  GE for  my internship was to develop prototypes and a 
commercial production plan for the AFD. We did not achieve th is  goal 
because the GE management team misunderstood the project s ta tu s . They 
apparently believed that the AFD was well developed and could be 
quickly marketed, when substantial  e f fo r t  remained, to  develop the AFD 
into a marketable product. It was not unti l well in to  the second half  
of the internship ,  a f t e r  a reorganization o f the management team, that 
we reached substantial  agreement on the sta tu s and the d irect ion  of  
the program.
The internship  took place in th is  environment of  goal c o n f l i c t .  
The goal-sett ing  problems were the most important part of the 
internship  experience. Accordingly, I have devoted a reasonable 
portion of  th is  report to th e i r  discussion. Despite the goal-setting  
problems, the accomplishments of the internship have brought the AFD 
much c loser  to being a marketable product.
4Report Outline
This report serves both as a discussion of  my a c t i v i t i e s  during 
the internship  and as a case study of the Arcing Fault  Detector 
project .  Chapter II presents background material on the AFD project  
to acquaint the reader with the project status at the s tart  of the 
in ternship .  Chapter III id e n t i f ie s  and describes the internship  
posit ion.  These two chapters set the foundation for the discussion of  
the internship i t s e l f .
Chapter IV describes the problems which must be solved to develop 
a successful detector.  The development of th is  Project Scope was one 
of the most important achievements of  the internship . Discussion of  
the scope id e n t i f i e s  many of the issues I addressed during the 
internship  and provides the reasons why I disagreed with quick 
commercialization. Chapter V discusses goal c o n f l i c t s .
Chapters VI and VII describe my assignments during the 
in ternship .  Chapter VI covers my assignments pr ior  to the o f f ice  
reorganization, and Chapter VII covers the assignments thereafter .  I 
chose th is  approach because the tasks I performed during each of  these 
two segments depended on the goals of the corresponding supervisors.  
F i n a l l y ,  Chapter VIII l i s t s  the results of  the internship.
5Fu lf i l lm e n t  of  Requi rements
I intend to demonstrate in th is  report that I functioned 
profess ional ly  in an industr ia l  engineering organization. In so 
doing, I f u l f i l l e d  the requirements for and the intent of  the 
in ternship .  I believe that my a c t i v i t i e s  and decisions were ones that 
can be reasonably expected of a Doctor of  Engineering candidate.
/
6CHAPTER II .
PROJECT BACKGROUND
Overview
This chapter provides background on the Arcing Fault  Detector 
project pr ior  to the internship . I begin with a discussion of  feeder 
protection pract ices .  This discussion id e n t i f ie s  the need for the 
AFD. I also present the results of the Texas A&M research to 
establ ish  the project status at the beginning of  the internship.
D istr ibut ion  Feeder Protection
Dis tr ibut ion  feeders supply e le c t r i c  power to the majority of  
homes and small businesses in the United States. Feeders "d is tr ibute"  
power to par t icu la r  neighborhoods. A feeder or iginates at a 
d is t r ib u t io n  substation where i t  receives power from a u t i l i t y ' s  
transmission network. Figure 1 shows an e le c t r ic a l  diagram of a 
substation which supplies several d is t r ibut ion  feeders. Most feeder 
c i r c u i t s  are constructed overhead on poles, and they generally carry 
conductors (primary conductors) which are energized to a 
l ine-to-ground potential  of  7,200 vo lts .  This voltage is  transformed 
to 120 and 240 volts near the point of service for use by the 
consumer.
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8Occasional ly ,  abnormal conditions occur on feeder c i r c u i t s .  One 
type of abnormal condition is  commonly ca lled  a fau lt  or short 
c i r c u i t .  A fau lt  i s  an unintentional connection between one conductor 
and another or between a conductor and ground. A fau lt  occurs when 
wires become entangled or when a wire f a l l s  to the ground. Figure 2 
gives a sketch of a fa l len  primary conductor. A conductor which 
breaks but does not contact any other object is  ca lled  an open 
conductor.
I f  the connection between a fa l len  conductor and ground has a low 
e le c t r i c a l  impedance or resistance, very high current flows in the 
c i r c u i t .  High current heats the conductor and would cause melting i f  
the current was not interrupted. For th is  reason, a u t i l i t y  i n s t a l l s  
protect ive devices which de-energize the affected c i r c u i t  i f  the 
current rises  above a certain le v e l .  These devices are fuses and 
overcurrent re lays, and they are insta l led  on a l l  d is t r ibut ion  
feeders.
In many cases, the impedance of a connection between a fa l len  
conductor and ground is  high. The current remains low in such a high 
impedance fa u l t .  The current may be no higher than the level of 
current in a c i r c u i t  serving several homes. The above-mentioned 
overcurrent devices sometimes cannot d istinguish a high impedance 
fau lt  from customer load.
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I f  the current during a fa l len  conductor fau lt  remains low, the 
conductor may remain energized for an in d ef in i te  period of time. High 
impedance fau lts  are hazardous because energized high voltage 
conductors may f a l l  within easy reach of  the publ ic .  Therefore, the 
desire to improve safety motivates the detection of high impedance 
fa u l t s .
U t i l i t y  Interest
U t i l i t i e s  wish to improve the detection of high impedance fau lts  
to reduce the chance of electrocution accidents. Many researchers 
throughout the history of the e le c t r i c  u t i l i t y  industry have sought to 
improve high impedance fau lt  detection, but none of  them have 
i d e n t i f ie d  a sa t is fac tory  method to improve detection. A suitable  
fau l t  detector would probably be a successful product.
Arcing Fault  Detector
The Arcing Fault Detector improves the detection of high 
impedance fau lts  on d is t r ibut ion  feeders. Dr. B.D. Russell of  Texas 
A&M Univers ity  invented the AFD. The Univers ity f i le d  a patent 
appl ication  for th is  device in September 1981.
The overcurrent protective devices described above monitor 60 Hz 
current.  Only s l ig h t  changes occur in th is  e le c t r ica l  parameter 
during a high impedance fau l t .  Therefore, one may enhance fau lt  
detection by monitoring other c i r c u i t  parameters.
nArcing commonly occurs when a high voltage conductor contacts 
ground, as Figure 2 shows (p. 9). Arcing increases the high frequency 
components of  current.  The AFD uses a microcomputer to id e nt i fy  an 
increase in the 2-10 kHz components of  current as an arcing fa u l t .
Three u t i l i t y  companies staged over 100 high impedance fau lts  for  
the Texas A&M research project .  Analysis of the data from these tests  
indicated that many of the faults  which were not id e n t i f ied  by 
exist ing  overcurrent protection devices could be detected by a device 
which monitors high frequency current.  Texas A&M researchers tested a 
prototype fau lt  detector which applies the high frequency p r inc ip le  of 
detection. The prototype was in sta l led  on a d is t r ibut ion  feeder. The 
detector successful ly  ident i f ied  several staged faults  which were not 
interrupted by the overcurrent protective devices. During three 
months of monitoring, the detector did not fa lse ly  indicate  the 
presence of a f a u l t .
The Texas A&M research indicated that the AFD could improve the 
detection of  high impedance fau lts .  However, the detector had two 
technical l im ita t ion s  which would make general application more 
d i f f i c u l t .  Chapter IV id e n t i f ie s  these l im ita t ion s .
License Agreement
General E le c t r i c  recognized that the market desires a high 
impedance fau lt  detector and that the AFD could potent ia l ly  f i l l  that 
need. General E le c t r i c  and TAMU negotiated a l icense agreement which 
was executed in February 1982.
12
Project Status at Start of Internship
Texas A&M used the prototype detector to demonstrate that the AFD 
could improve the detection of high impedance fa u l t s .  The prototype 
design was very basic .  It did not include a l l  the techniques for  
fau lt  detection which were known at the time. Texas A&M did not 
attempt to make a commercial design of the AFD. Many design 
enhancements were needed before the detector could be sold.
Although we learned much during the TAMU research about the 
effect iveness o f  the AFD, much remained unknown. For example, the AFD 
may id e n t i fy  certain  customer loads as downed conductors. We need 
substantial  experience with the detector in service before we can 
determine i t s  ultimate effect iveness.
Texas A&M had made l i t t l e  e f fo r t  to evaluate the marketing 
problems with the AFD. These problems were addressed during the 
internship .
The Texas A&M research had demonstrated only a concept. No one 
had yet determined whether the detector could become a successful 
product. Even i f  market research predicted success for the AFD, much 
work was needed to develop the TAMU design into a marketable product.
In summarizing the results  of the Texas A&M research and the 
results  of two other research projects on high impedance fa u l t s ,  one 
source stated " . . .a lthough  some progress has been made toward 
understanding the nature and causes of  high-impedance fa u l t s ,  the work 
s t i l l  has not y ie lded an e f fe c t iv e ,  economic detection d ev ice ."[1]
13
Closure
The Arcing Fault Detector addresses a need in the u t i l i t y  
industry for more sensit ive  detection of  high impedance fa u l t s .  The 
Texas A&M research pr io r  to the internship demonstrated the AFD 
detection technique and indicated i t s  l im ita t io n s .  Much more 
technical and marketing work was needed to successful ly  commercialize 
the device.
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CHAPTER III 
INTERNSHIP POSITION
Overview
This chapter provides the following information on the internship  
posit ion:  the internship requirements, the purpose of my internship ,  
information about the internship company, the internship goal,  and a 
summary of my re s p o n s ib i l i t ie s .
Internshi p Requi rements
The Doctor of  Engineering internship provides an opportunity for 
the student to function profess ional ly  in an in d u s t r ia l ,  engineering 
environment. In p a r t icu la r ,  the College of  Engineering has id e nt i f ied  
the following reasons for the internship:
"(a) to enable the student to apply his knowledge and 
t ra in ing  to the solution of  a spe c i f i c  practical and 
relevant problem...
(b) to enable the student to function in a non-academic 
environment in a position where he wil l  become aware 
of the organizational approach to problems in addition  
to those o f  t rad it iona l  engineering design or a n a ly s i s . "[2]
The focus of  my internship was to develop the Arcing Fault  
Detector commercially. General E le c t r ic  id ent i f ied  a potential  market 
for  th is  product and decided to manufacture i t .  Therefore, GE 
assigned me a task which they deemed relevant.
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My position at GE required me to pursue a wide range of  technical  
and non-technical problems associated with the Arcing Fault Detector 
project.  These a c t i v i t i e s  followed the intention of the Doctor of 
Engineering program.
The internship  began on July 10, 1981 and ended on April  15, 
1982. Therefore, I f u l f i l l e d  the nine month duration requirement for  
the internship .
Internship Company
The General E le c t r i c  Company is a large, multi-national  
corporation. It produces a variety of  consumer, industr ia l  and 
m il i ta ry  products, the majority of  which are e le c t r ica l  goods.
The company is  divided into several product d iv is io n s .  The 
department for which I worked is  part of the Power Delivery D iv is ion .  
This group supplies e le c t r ica l  products to e le c t r i c  u t i l i t i e s  and 
industr ia l  plants.  I was assigned to the Dig ita l  Systems Operation 
(DSO) of  the Power Systems Management Business Department (PSMBD). 
This department manufactures protective devices such as overcurrent  
re lays.  The Dig ita l  Systems Operation is  a venture group within the 
department. Figure 3 gives a sketch of the organizational structure  
of PSMBD. The DSO o f f i c e  is  located in King of Prussia, Pennsylvania, 
which is  a suburb of  Phi ladelphia.
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The D ig ita l  Systems venture was formed to develop new products 
which apply microcomputers to protect and to control power systems. 
Most devices which presently protect power systems are 
electromechanical.  The f l e x i b i l i t y  and computational power of  
microcomputers allow them to perform more functions than 
electromechanical devices do. In the past 10-15 years , many 
researchers have developed computer hardware and software which 
perform protect ive functions. U t i l i t y  companies have expressed an 
in terest  in th is  research. Recognizing th is  potential market, GE 
formed the D ig ita l  Systems venture to develop prototypes of  commercial 
protect ive products. Power systems products which incorporate 
microcomputers are commonly known as automation products.
Organizational Structure
Figure 4 shows a diagram of the DSO organizational structure  
during the f i r s t  h a l f  of my internship . The manager of  the operation, 
Mr. Jack F ink, was named my internship supervisor.  I was assigned to 
the Design Engineering subsection. My t i t l e  was Dig ital  Electronics  
Engineer, and I reported to Mr. Jack Ridgeway, the manager of Design 
Engineering.
In ear ly  December, approximately halfway through the internship,  
Mr. Fink was transferred to another GE o f f i c e  and was replaced by Mr. 
Larry Mankoff. Soon thereafter ,  Mr. Mankoff changed the structure of  
the organization. I was transferred to the Distr ibut ion  Automation 
Products subsection, and my t i t l e  was changed to Systems Engineer. I
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subsequently reported to Mr. Peter Schnieper, the manager of that 
subsection. Figure 5 presents th is  revised organizational structure.  
After  Mr. Fink was transferred, Mr. Schnieper was named my internship  
supervi sor.
Internship Goal and Respons ib i l i t ies
When I arr ived at GE, Mr. Fink id ent i f ied  the goals for my 
in ternship .  I was to construct prototype fault  detectors by la te  1981 
and to develop a production plan by the end of the internship . My 
primary re sp o n s ib i l i ty  was engineering. I was responsible for the 
hardware design and software programming of the prototype detectors.  
A d d i t io n a l ly ,  I was responsible for several non-technical a c t i v i t i e s  
including developing a product plan and interact ing with the Marketing 
subsection.
Throughout the internship , I was the only fu l l  time employee 
assigned to the AFD project .  Mr. Robert Manley worked part time on 
the project .  He was a member of  the Marketing subsection during the 
f i r s t  h a l f  of the internship . A fter  the o f f i c e  reorganization, Mr. 
Manley entered the D istr ibut ion  Automation Products subsection. He 
was then assigned to lead the Arcing Fault Detector project.
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CHAPTER IV 
PROJECT SCOPE
Overview
This chapter id e n t i f ie s  many of the problems associated with 
commercializing the Arcing Fault Detector. To develop a successful 
fau l t  detector,  we must overcome s ig n i f i ca n t  technica l ,  le g a l ,  and 
marketing problems.
Introduction
The discussion of  the AFD project scope describes portions of  two 
stages in the evolution of a new product: business analysis  and 
product development.[3] The business analysis  is  an estimation of  the 
p ro f i t  which the new product would generate. Product development is  
the process of  converting research results  into a marketable product. 
The project scope id e n t i f ie s  many of the business-related and 
product-related ch a racter is t ics  of  the AFD which hinder commercial 
success. In th is  d iscussion, I do not intend to convey that the 
commercial prospects for the AFD are poor. Instead, I am merely 
ident i fy in g  issues which, i f  overcome, would increase i t s  chances for  
success. I therefore intend the scope to be a part of a 
commercialization plan.
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Compiling the project scope was one of  my assignments during the 
in ternship . Discussions with other GE engineers provided some of  the 
information in th is  chapter. The project scope is  one of the most 
important accomplishments of  the internship because i t  helps provide 
d irect ion  toward commercialization.
The discussion of the project scope serves three purposes. 
F i r s t ,  the discussion demonstrates that the issues covered during the 
in ternship  involved a spectrum of technical and non-technical issues,  
therefore f u l f i l l i n g  the intent of the Doctor of  Engineering program. 
During the internship , I addressed a l l  the issues l i s t e d  here. 
Second, ident i fy ing  commercialization problems wil l  help the reader 
understand the goal-setting and communications problems during the 
in ternship .  Third, the information presented here serves as a 
background for the discussion of project assignments in Chapters VI 
and VII.
Growth of the Product
Many of the problems with commercializing the AFD involve i t s  
growth from a detector to a relay. A detector signals an abnormal 
s i tu a t io n ,  whereas a relay detects an abnormal si tuation and then 
interrupts  power on the affected c i r c u i t  to el iminate a potential 
hazard. Although the name "Detector" has been assigned to the 
product, i t  could be used as a detector or as a relay.
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A u t i l i t y  which in s t a l l s  the AFD may, through perception or fact ,  
be obligated to operate i t  as a relay. The purpose of the AFD is  to 
id e n t i fy  a potent ia l ly  hazardous condition. Knowing that a 
p otent ia l ly  hazardous condition exists  implies a re sp ons ib i l i ty  to 
remove the hazard quickly.  The easiest  way to f u l f i l l  th is  obl igat ion  
i s  to interrupt the power by operating the AFD as a relay.
Interrupting power eliminates some electrocution hazards but 
creates other hazards. As an example, someone may fa l l  down a dark 
stairwell  during a power outage.
The growth of  the AFD from a detector to a relay is  a s ig n i f i ca n t  
product development. The impl icat ions of th is  product development 
wil l  be discussed at several places in th is  chapter.
L imitations of Detection Concept
While the AFD improves the detection of many high impedance 
fa u l t s ,  the detection concept has two major l im ita t ions  which make 
general appl ication  d i f f i c u l t  and cost ly .
Most u t i l i t i e s  in s ta l l  capacitor banks at several locations on 
each feeder. Capacitor banks help the u t i l i t y  to d e l iver  power more 
e f f i c i e n t l y  to the customer, but they attenuate the 2-10 kHz signal 
which the AFD uses. During several of the staged t e s ts ,  faults  were 
conducted with capacitor  banks both in and out of serv ice . In 
general,  the AFD could detect faults  when the capacitors were switched 
out, but i t  could not detect fau lts  when the banks were switched in .
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The in s t a l la t io n  of  tuning devices, ca lled  traps, on a l l  capacitor  
banks could overcome the problem but would be very cos t ly .
This l im ita t ion  is  a formidable obstacle.  The Arcing Fault  
Detector ". . .would  be almost useless for companies that use 
grounded-wye capaci tor banks. With capacitor  t raps,  the detector  
would probably be very useful but the cost of  trap in s t a l la t io n  would 
probably make widespread use of  the detector economically 
unattracti  v e . "[4]
A second l im ita t ion  of the detection concept is  i t s  
s u s c e p t ib i l i t y  to sympathetic t r ipp ing .  A detector on one c i r c u i t  
could sense a fau l t  on another c i r c u i t .  In th is  way, a detector could 
in terrupt  power on a "healthy" c i r c u i t  when i t  should have allowed the 
c i r c u i t  to remain in serv ice. Neither the u t i l i t i e s  nor th e i r  
customers would accept the effects  of  excessive sympathetic t r ipp ing.
I performed tasks during the internship which attempted to solve 
both the capaci tor bank and the sympathetic tr ipping problems. These 
two problems require s ig n i f i c a n t  product development to achieve a 
marketable detector.
Legal Envi ronment
The motivation to improve the detection of  high impedance faults  
is  to reduce l i a b i l i t y .  However, additional legal problems ar ise  when 
a manufacturer introduces such a fault  detector.
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When someone sues a u t i l i t y ,  as the result of an electrocution  
accident, the u t i l i t y  usually attempts to se t t le  the case out of  
court.  I f  such a case reaches court ,  the u t i l i t y  often uses the 
defense of  "best avai lab le  technology." Under th is  p r in c ip le ,  the 
u t i l i t y  asserts that no product was avai lable  which could have 
prevented the acc ident , thus hopefully l im it ing  the u t i l i t y ' s  
l i a b i l i t y .  I f  a new product is  introduced which provides more 
sens it ive  fau lt  detect ion, a u t i l i t y  i s  p ra c t ic a l ly  obligated to 
in s t a l l  i t .  In fac t ,  many u t i l i t i e s  feel that they must in s ta l l  the 
new product on a l l  feeders to avoid any indication of  negligence. 
Even i f  a u t i l i t y  does not subscribe to th is  viewpoint, court cases or 
public u t i l i t y  commission rulings could l i t e r a l l y  force a u t i l i t y  to 
in s t a l l  a product. The AFD should not be placed in th is  legal 
environment until  the ca p a b i l i t i e s  and l im itat ions  of the detector are 
better  known.
The use of  a high impedance fau lt  detector could reduce the 
number o f  e lectrocution accidents. However, i t  is  quite l i k e l y  that 
the detector would interrupt service more often than present 
protection devices do. Injuries and deaths occur during power 
outages. Conceivably, someone who was injured during an outage could 
sue a u t i l i t y .  These legal issues place a u t i l i t y  company in a very 
d i f f i c u l t  pos it ion.
The legal problems for the manufacturer of  a fau lt  detector are 
also d i f f i c u l t .  In recent years,  the theory of s t r i c t  l i a b i l i t y  has 
evolved in product l i a b i l i t y  lawsuits.  Under th is  theory, someone who
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received an in jury  by using a product need not prove that the 
manufacturer was negligent in the design of  the product. The injured 
party need only prove that his in jur ies  resulted from a defect in the 
product.
Product l i a b i l i t y  law has serious consequences for a 
manufacturer. With the l i t i g io u s  atmosphere in the United States 
today, a manufacturer must expect lawsuits involving i t s  products, 
e sp e c ia l ly  products which relate to public safety.  A fau lt  detector 
must provide large p ro f i ts  to o f fset  the damages from these lawsuits.
A recent lawsuit provides evidence of  the confusing issues of  
product l i a b i l i t y  law. One of GE's competitors recently introduced a 
product which improves the detection of  open conductors. Someone 
suffered an in jury  by contacting a downed conductor. The injured 
party sued both the u t i l i t y  and th is  manufacturer because the u t i l i t y  
had not in s ta l le d  the new device on that feeder.
The legal issues described here are sensit ive  and sometimes 
contrad ictory .  The impl icat ions of introducing a high impedance fault  
detector must be examined c a re fu l ly .
Lack of Economic Incentive
U t i l i t i e s  f ind d i f f i c u l t y  in economically ju s t i fy in g  why they 
should improve the detection of high impedance fau lts .  Such a fau lt  
usually  causes l i t t l e  damage to u t i l i t y  equipment. The u t i l i t y  incurs 
only the cost to repair the damaged l in e .  I f  in jury  or property
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damage occurs, the u t i l i t y  may be required to pay damages. The issue 
a u t i l i t y  addresses in a cost-benefit  analysis  i s  the cost of  
in s t a l l in g  and maintaining a fau lt  detector weighed against the 
benefit  of  reduced l i a b i l i t y .  We must remember that a u t i l i t y  may 
expose i t s e l f  to additional l i a b i l i t y  from more frequent power 
outages.
The costs associated with a fault  detector are capital  
investment, in s t a l la t io n  costs ,  maintenance costs ,  the expense of  
locating f a u l t s ,  and lost  revenues during power outages. These 
expenditures are d i f f i c u l t  to estimate because they depend on the 
s e l l in g  price of  a detector and on how frequently the detector  
interrupts  power. These costs may be s ig n i f i ca n t .
U t i l i t i e s  a lso  f ind d i f f i c u l t y  in estimating the benefit  of  
reduced l i a b i l i t y  because most cases are settled out of  court .  One 
survey [5] indicated that only ha l f  the u t i l i t i e s  carr ied l i a b i l i t y  
insurance for  e lectrocut ions.  This fact indicates that the u t i l i t i e s  
do not consider electrocution accident claims economically important. 
The " . . . c o s t  o f  improved protection is  highly unl ikely  to be j u s t i f i e d  
by a conventional cost/benef it  a n a ly s i s . "[6]
Importance of  Sol utioii
Despite the lack of economic incentive, u t i l i t i e s  strongly desire  
to improve high impedance fau lt  detection.
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"It appears that an accident result ing from a fa l len  
conductor receives an inordinant [ s i c ] amount of  
attention . . .  compared to other e le c t r i c a l  accidents,  
such as electrocution around the house, which are far 
more frequent. The analogy would seem to be s im i la r  to 
a i r c r a f t  accidents as compared with automobile accidents.
The number of  deaths due to a i r  crashes is  dwarfed by 
the number due to automobile accidents, yet a single  
a i r  crash receives more attention than several thousand 
automobile a c c id e n ts ."[7]
It i s  th is  emphasis which we bestow upon fa l len  conductor fau lts  which 
strongly motivates u t i l i t i e s  to detect them. The desire to avoid 
l i a b i l i t y  further induces a u t i l i t y  to detect these fau l ts .
Operational Problems
No one in the u t i l i t y  industry has s u f f i c i e n t ly  addressed how a 
high impedance fau lt  detector would a f fect  the operation of a 
d is t r ib u t io n  c i r c u i t .  When a detector id e n t i f ie s  a fa u l t ,  a u t i l i t y  
would most l i k e l y  interrupt power to the affected c i r c u i t  to reduce 
the chance of  e lectrocut ion .  Then the task of locating the fau lt  
begins, a process which may take several hours. In the meantime, 
perhaps several thousand customers are without e l e c t r i c i t y .
The u t i l i t y  desires to detect as many potent ia l ly  hazardous 
conditions as possible .  However, i f  a detector is  very s ens it ive ,  
e l e c t r i c i t y  may be interrupted quite often. Sometimes a relay 
interrupts  service to remove a condition which is  not hazardous. For 
example, the AFD may detect arcing from a tree limb touching a 
conductor, a s ituat ion which would probably cause l i t t l e  trouble.  
U t i l i t i e s  and th e i r  customers find unnecessary and frequent service
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outages unacceptable.
Marketing Problems
It i s  d i f f i c u l t  to forecast sales for the AFD because there is  
l i t t l e  economic incentive to purchase the product and because 
l i a b i l i t y  issues dominate the market. Some u t i l i t i e s  may resent th e i r  
perceived or real obligation to buy a high impedance fau lt  detector.  
This resentment could adversely a ffect  other business transactions  
between the manufacturer and these u t i l i t i e s .
Another marketing problem ar ises  from the implementation of  the 
AFD. The AFD uses microcomputer technology which has not been 
s u f f i c i e n t l y  developed for widespread use on u t i l i t y  systems. 
U t i l i t i e s  are accustomed to electromechanical products which las t  for  
40 years or more. The infancy of the fau lt  detection concept and of 
microcomputer technology may make a present-day fault  detector 
obsolete within a few years. It would be d i f f i c u l t  to encourage a 
u t i l i t y  to purchase a product with such a short l i f e .
Trade-off
In general,  the problems with improved fault  detection can be 
related to a s t a t i s t i c a l  test of a null hypothesis and to the 
implications of  the test  resu lts .  A fault  detector examines a set of 
data and decides whether or not a fau lt  e x is ts .  Assume that the null 
hypothesis is that a fau lt  does e x is t .  Two types of error  could be 
made when testing th is  hypothesis. A Type I error i s  made when a
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correct  null hypothesis i s  rejected. A Type II error  i s  made when an 
incorrect null hypothesis is  accepted. The fau lt  detector makes a 
Type I error  when i t  does not detect a fa l len  conductor. Presently,  
u t i l i t i e s  experience Type I error .  The fau lt  detector makes a Type II 
error  when i t  in correct ly  signals the presence of a fa u l t .
It is  d i f f i c u l t  to make the trade-off  between these two types of  
e rrors .  We wish to reduce Type I errors and thereby reduce the number 
of  fa l len  conductor accidents. But a reduction in the probabi l i ty  of 
Type I error  increases the chance of Type II error .  Correspondingly, 
customer aggravation increases. The probabi l i ty  of  in ju r ie s  occurring 
due to a power outage also increases. The experts disagree on whether 
a fau l t  detector design should be biased in favor of Type I or Type II 
errors .
Closure
The major obstacles to commercializing the Arcing Fault  Detector 
have been presented. Ident i f icat ion  of  the project scope provides a 
better  understanding of  the project status during the internship and 
describes what is  required to develop the fau lt  detector into a 
marketable product.
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CHAPTER V 
GOAL CONFLICT
Overview
This chapter presents a discussion of the problems we faced at 
General E le c t r i c  with setting the goals for  the internship and for the 
Arcing Fault  Detector project .  Overenthusiasm caused these problems. 
It caused a misunderstanding of  the project status and a disagreement 
on the seriousness of the obstacles in the path of commercialization.
Introduction
General E le c t r i c  planned the following goals for my internship .  
I was to build prototype detectors by la te  1981 and to develop a 
production plan for the AFD by the end of the internship . I n i t i a l l y ,  
I attempted to meet these goals.  As the internship progressed, I 
realized more c le a r ly  that I could not meet th e i r  goals unless GE 
assigned several more people to the project .  However, manpower was 
not the most c r i t i c a l  issue.  I believed that we needed to develop the 
product much further and to evaluate the market more ca re fu l ly  before 
making a commitment to production. I derived th is  position from an 
evaluation of  the project status and the project scope, which I 
discussed in previous chapters.
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My goals were to continue to develop the product and to evaluate 
barr iers  to market entry. Our goals con f l ic ted .  Although I attempted 
to communicate my position to my supervisors,  I met with only modest 
success during the f i r s t  ha l f  of  the internship . We could not resolve 
th is  c o n f l i c t  unti l  la te r  in the internship.
Communication Breakdown
The goal c o n f l i c t  apparently or iginated with a breakdown in 
communication before the internship began. Texas A&M and General 
E le c t r i c  personnel discussed the AFD project on several occasions 
pr io r  to the internship . The quick commercialization goal of  the GE 
management team indicated that they believed the Texas A&M research 
design could be e a s i ly  converted to a commercial product. I feel that 
t h is  b e l i e f  was based upon an incorrect  understanding of the project  
status. I conclude that a breakdown occurred in communicating the 
project status from Texas A&M to General E le c t r ic  and that th is  
breakdown led to a misinterpretation of  the status.
Disagreement on Project Scope
The major obstacles to commercializing the AFD were presented in 
Chapter IV. Many in the u t i l i t y  industry believe that several of 
these obstacles are s u f f i c i e n t l y  serious to render the fau lt  detector 
useless. The GE management team did not f u l l y  recognize the 
seriousness of  these impediments or perhaps f e l t  that the benefits of 
the product surpassed i t s  flaws. I believed that the product could
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f a i l  i f  we did not overcome i t s  problems.
I also f e l t  that we could not expect to eliminate the 
shortcomings of the detector a f te r  market entry. The s e n s i t i v i t y  of  
product l i a b i l i t y  law would not permit us to se ll  a research 
prototype. " . . . [ A ]  manufacturer, by marketing and advert is ing his 
product, impliedly represents that i t  is safe for i t s  intended 
use ."[8] We had not developed the product s u f f i c i e n t ly  to understand 
f u l l y  i t s  c a p a b i l i t i e s  and l im ita t ion s .
Furthermore, by entering the market with a product at the 
research stage, we risked a l ienat ing the u t i l i t i e s .  U t i l i t y  personnel 
may feel obl igated to purchase a fau lt  detector to avoid appearing 
negligent. They may espec ia l ly  resent the obl igation to buy an 
insnature product.
Cause of  Goal C o n f l ic t
I believe that excessive enthusiasm for the AFD project caused 
the goal c o n f l i c t  we experienced. U t i l i t i e s  view the detection of  
high impedance fau lts  as an important goal.  General E le c t r i c  perhaps 
became anxious to meet th is  market need. A competitor began marketing 
an open conductor relay in 1981. This competition possibly encouraged 
GE to accelerate marketing the AFD.
The enthusiasm and expectations for th is  product did not match 
the status of  the project .  Rosenberg [9] states that overenthusiasm 
causes product fa i lu re  more often than does any other factor .  Persons
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c lose ly  associated with a product often become too subjective when 
evaluating the product. Potential customers are often less excited  
about a product than is  the manufacturer. It i s  important for  one to 
remain objective in product dec is ions.
Loyalty Dilemma .
I n i t i a l l y ,  I was excessively enthusiast ic  about the prospects for  
the AFD. I attempted to meet the goal of quick commercialization 
which my supervisors outl ined. At the same time, I attempted to t e l l  
them we could not achieve t h e i r  goal.  I did not wish to confront them 
with the issue;  I dealt with the c o n f l i c t  by smoothing [10]. 
Smoothing reduces c o n f l i c t  by denying i t  or avoiding i t .
By avoiding c o n f l i c t ,  I created a dilemma. I continued working 
toward quick commercialization although I believed th is  to be an 
unwise goal.  Webber [11] describes th is  si tuation as a common problem 
which young managers experience. Some supervisors equate lo ya l ty  to 
the company with obedience; an obedient employee follows the 
instruct ions  of  his supervisor.  Other supervisors view loya lty  as 
honesty; an honest employee warns a superior of  a potential problem 
before i t  occurs.
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A s s i g n m e n t  o f  AFD t o  P r o d u c t  Development  O f f i c e
The a s s i g n m e n t  o f  t h e  A r c i n g  F a u l t  D e t e c t o r  t o  t h e  D i g i t a l  
Sy s te m s  O p e r a t i o n  a l s o  c a u s e d  a p o r t i o n  o f  t h e  g o a l - s e t t i n g  p r o b l e m s .  
DSO i s  a p r o d u c t  d e v e l o p m e n t  o f f i c e .  T h i s  o f f i c e  d e v e l o p s  p r o t o t y p e s  
o f  c om m erc ial  p r o d u c t s .  T h e r e  a r e  p r e s s u r e s  a t  a d e v e l o p m e n t  o f f i c e  
t o  c o m p l e t e  and t o  m a r k e t  a p r o d u c t  q u i c k l y  t o  g e n e r a t e  p r o f i t .  The 
AFD was i n  i t s  i n f a n c y  and  c o u l d  n o t  s u p p l y  in co m e .  I t  may hav e been 
b e t t e r  t o  a s s i g n  t h e  AFD p r o j e c t  t o  a r e s e a r c h  and  d e v e l o p m e n t  o f f i c e ,  
wh er e  i t  c o u l d  have been e v a l u a t e d  more t h o r o u g h l y .  A s s i g n i n g  t h e  
p r o j e c t  t o  DSO may a l s o  be t h e  r e s u l t  o f  m i s u n d e r s t a n d i n g  t h e  s t a t u s  
o f  t h e  p r o j e c t .
C l o s u r e
E x c e s s i v e  e n t h u s i a s m  f o r  t h e  A r c i n g  F a u l t  D e t e c t o r  l e d  t o  
g o a l - s e t t i n g  p r o b le m s  d u r i n g  t h e  i n t e r n s h i p .  Thes e  p r o b l e m s  were 
c h a r a c t e r i z e d  by a m i s u n d e r s t a n d i n g  o f  t h e  p r o j e c t  s t a t u s  and  d i s c o r d  
on t h e  s c o p e  o f  t h e  p r o j e c t .
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CHAPTER VI
ASSIGNMENTS DURING FIRST HALF OF INTERNSHIP
I n t r o d u c t i o n
T h i s  c h a p t e r  d e s c r i b e s  many o f  t h e  a s s i g n m e n t s  I c a r r i e d  o u t  
d u r i n g  t h e  f i r s t  h a l f  o f  t h e  i n t e r n s h i p .  D u r i n g  t h i s  t i m e ,  GE 
i n t e n d e d  t o  d e v e l o p  t h e  AFD i n t o  a commerc ial  p r o d u c t  q u i c k l y .  We 
p l a n n e d  t o  c o n s t r u c t  p r o t o t y p e s  i n  e a r l y  19 8 2  and g e a r e d  a s s i g n m e n t s  
t o w a r d  m e e t i n g  t h i s  g o a l .  As t i m e  p r o g r e s s e d ,  goal  c o n f l i c t  became 
more  o b v i o u s ,  and t h i s  c o n f l i c t  a f f e c t e d  t h e  outcome o f  t h e  v a r i o u s  
a s s i g n m e n t s .  I p e r f o r m e d  many o f  t h e  f o l l o w i n g  t a s k s  h a s t i l y  o r  
i n c o m p l e t e l y .  I had t o  p r o g r e s s  r a p i d l y  t o  meet  t h e  p r o t o t y p e  
i n s t a l l a t i o n  d a t e .
My a p p r o a c h  t o  t h e  program o f  c o n s t r u c t i n g  p r o t o t y p e s  was a s  
f o l l o w s .  I began by o u t l i n i n g  t h e  p r o d u c t  p l a n .  The p r o d u c t  p l a n  
p r o v i d e d  an o v e r a l l  d e s c r i p t i o n  o f  t h e  d e t e c t o r  f o r  t h e  n e x t  s e v e r a l  
y e a r s .  I t h e n  s c h e d u l e d  t h e  a c t i v i t i e s  which were n e e d ed  t o  m eet  t h e  
d a t e  f o r  d e l i v e r i n g  p r o t o t y p e s .  As p a r t  o f  t h i s  a c t i v i t y ,  I e s t i m a t e d  
t h e  manpower n e e d e d  t o  meet t h e  p r o t o t y p e  d e l i v e r y  s c h e d u l e .
By a n a l y z i n g  d a t a  from s t a g e d  f a u l t  t e s t s ,  I d e v i s e d  a s o l u t i o n  
t o  t h e  s y m p a t h e t i c  t r i p p i n g  p r o b le m .  I i n c o r p o r a t e d  t h i s  s o l u t i o n  
i n t o  a new a r c h i t e c t u r e  f o r  t h e  d e t e c t o r .  A f t e r  i d e n t i f y i n g  t h e  new 
a r c h i t e c t u r e ,  I d e s i g n e d  t h e  ha rd w a re  f o r  t h e  d e t e c t o r .  I a l s o  w r o t e  
t h e  d e t e c t i o n  a l g o r i t h m  i n  GE Program De si gn  La ng ua ge .
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T h e s e  were  my m a j o r  a c t i v i t i e s  d u r i n g  t h e  f i r s t  h a l f  o f  t h e  
i n t e r n s h i p .  I w i l l  now d i s c u s s  t h e s e  and  o t h e r  r e l a t e d  a c t i v i t i e s  i n  
d e t a i l .
P r o d u c t  P l a n
The o b j e c t i v e  o f  t h e  p r o d u c t  p l a n  was t o  d e v e l o p  a f ramew ork o r  
o u t l i n e  o f  what  t h e  AFD would b e .  The p l a n  i n c l u d e d  a b r i e f  s t a t e m e n t  
o f  t h e  t a n g i b l e  and p e r c e i v e d  c h a r a c t e r i s t i c s  o f  t h e  p r o d u c t .  From 
t h e s e  c h a r a c t e r i s t i c s ,  I d e v e l o p e d  a s c e n a r i o  which d e s c r i b e d  t h e  
p r o d u c t  o v e r  t h e  n e x t  s e v e r a l  y e a r s .  One c o u l d  t h e n  us e  t h e  p r o d u c t  
p l a n  t o  d e t e r m i n e  how t o  a s s i g n  r e s o u r c e s  and how t o  d e v e l o p  a 
m a r k e t i n g  s t r a t e g y  f o r  t h e  p r o d u c t .
I a p p r o a c h e d  t h e  p r o d u c t  p l a n  by e v a l u a t i n g  t h e  t e c h n i c a l  and 
b u s i n e s s  s t a t u s  o f  t h e  p r o j e c t .  I r e a l i z e d  t h a t  t h e  p r o d u c t  was s t i l l  
v e r y  much i n  a r e s e a r c h  s t a g e .  At t h e  t i m e ,  I a l s o  a c c e p t e d  t h a t  GE 
i n t e n d e d  t o  m a r k e t  t h e  AFD a s  soon a s  p o s s i b l e .  I c o n j e c t u r e d  t h a t  
t h e  p r o d u c t  would unde rg o s e v e r a l  m a j o r  c h a n g e s  i n  i t s  f i r s t  few y e a r s  
o f  p r o d u c t i o n .  T h e r e  were  t h r e e  r e a s o n s  f o r  t h i s  c o n c l u s i o n .
F i r s t ,  t h e  d e t e c t i o n  c o n c e p t  was s t i l l  i n  i t s  i n f a n c y .  While 
Texas  A&M had made s u b s t a n t i a l  p r o g r e s s  t o w a r d  t h e  d e t e c t i o n  o f  a r c i n g  
f a u l t s ,  much r e s e a r c h  was s t i l l  n e e d e d .  F u r t h e r  r e s e a r c h  c o u l d  
i d e n t i f y  means t o  d e t e c t  f a u l t s  more a c c u r a t e l y .  O t h e r  i n v e s t i g a t i o n s  
c o u l d  s i g n i f y  ways t o  overcome t h e  TAMU d e s i g n  l i m i t a t i o n s .
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S e c o n d ,  t h e  AFD u s e s  a m i c r o c o m p u t e r  s y s t e m  i n  i t s  d e s i g n .  
M i c r o c o m p u t e r  d e v i c e s  have had r e l a t i v e l y  l i t t l e  a p p l i c a t i o n  i n  power 
s y s t e m  s u b s t a t i o n s  t o  d a t e .  The s u b s t a t i o n  p r o v i d e s  a h a r s h  
e n v i r o n m e n t  f o r  t h e s e  d e v i c e s .  T e c h n i q u e s  a r e  s t i l l  b e i n g  d e v e l o p e d  
f o r  making d e s i g n s  which can s u r v i v e  t h i s  e n v i r o n m e n t  and f o r  making 
t h e s e  d e s i g n s  c o s t - e f f e c t i v e .  F u r t h e r m o r e ,  d i g i t a l  t e c h n o l o g y  
p r o g r e s s e s  r a p i d l y ,  making some p r o d u c t s  o b s o l e t e  w i t h i n  a few y e a r s .
T h i r d ,  d e t e c t i o n  o f  h i g h  impedance f a u l t s  i s  a new c o n c e p t  in  
power  s y s t e m  p r o t e c t i o n .  O p e r a t i n g  p e r s o n n e l  would need  t i m e  t o  g a i n  
e x p e r i e n c e  w i t h  and t o  o p t i m i z e  t h e  use o f  t h i s  new c a p a b i l i t y .  The 
e x p e r i e n c e s  d u r i n g  t h i s  l e a r n i n g  p e r i o d  may s u g g e s t  f u r t h e r  c h a n g e s  in  
t h e  AFD.
Based upon t h e s e  t h r e e  d e s c r i p t i o n s  o f  t h e  p r o d u c t  s t a t u s ,  one 
s h o u l d  e x p e c t  t h e  AFD t o  be a dynamic p r o d u c t  d u r i n g  i t s  f i r s t  few 
y e a r s  o f  p r o d u c t i o n .  I recommended t h a t  GE p l a n  f o r  t h e  i n i t i a l  model 
o f  t h e  d e t e c t o r  t o  have a p r o d u c t  l i f e - c y c l e  (PLC) o f  l e s s  t h a n  t h r e e  
y e a r s .  The i m p l i c a t i o n s  o f  su ch  a s h o r t  PLC a r e  s i g n i f i c a n t .  U t i l i t y  
p e r s o n n e l  may r e s i s t  p u r c h a s i n g  a p r o d u c t  which would be o b s o l e t e  i n  a 
s h o r t  t i m e .  I e n c o u r a g e d  GE t o  e v a l u a t e  ways t o  make p r o d u c t  
o b s o l e s c e n c e  e a s i e r  t o  h a n d l e .  I s u g g e s t e d  t h e y  c o n s i d e r  l e a s i n g  
e a r l y  m odel s  o f  t h e  AFD o r  e s t a b l i s h i n g  a g r e e m e n t s  whereby c u s t o m e r s  
who p u r c h a s e d  e a r l y  models  o f  t h e  AFD would r e c e i v e  a p r i c e  r e d u c t i o n  
on s u b s e q u e n t  m o d e l s .  A d d i t i o n a l l y ,  I n o t e d  t h a t  t h e  p r o j e c t  would 
r e q u i r e  GE t o  p e r f o r m  r e s e a r c h  and d e v e lo p m e n t  on t h e  AFD f o r  s e v e r a l  
y e a r s .
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P r o j e c t  P l a n n i n g  and S c h e d u l i n g
In S e p t e m b e r  1 9 8 1 ,  Mr. Ridgeway d i r e c t e d  me t o  compose a s c h e d u l e  
o f  a c t i v i t i e s  f o r  t h e  AFD p r o j e c t  t o  meet  t h e  goal  o f  d e l i v e r i n g  
p r o t o t y p e s  i n  t h e  s p r i n g  o f  1 9 8 2 .  S c h e d u l i n g  t h e  p r o j e c t  r e q u i r e d  
t h a t  I o r g a n i z e  t h e  p r o j e c t  t a s k s  and e s t i m a t e  t h e  t i m e  n e e de d t o  
c o m p l e t e  e a c h  t a s k .
C o n f l i c t i n g  p r o j e c t  g o a l s  c a u s e d  pr o b le m s  w i t h  s c h e d u l i n g .  To 
m eet  t h e  p r o t o t y p e  d e l i v e r y  d a t e ,  I assumed t h a t  we would use  a d e s i g n  
s i m i l a r  t o  t h a t  d e v e l o p e d  a t  TAMU. I made t h i s  a s s u m p t i o n  t o  s a v e  
t i m e ,  b u t  I f e l t  t h a t  we would l e a r n  l i t t l e  by t a k i n g  t h i s  s h o r t  c u t .
I a l s o  a ssu m ed  t h a t  some o f  t h e  s u b s y s t e m s  which DSO had d e v e l o p e d  
c o u l d  be used i n  t h e  AFD.
I t h e n  i d e n t i f i e d  t h e  t a s k s  ne e de d t o  c o m p l e t e  c o n s t r u c t i o n  o f  
t h e  p r o t o t y p e s .  Thes e  t a s k s  i n c l u d e d  a d e f i n i t i o n  o f  t h e  d e v i c e  
r e q u i r e m e n t s ,  d e s i g n ,  pro gram ming ,  c o n s t r u c t i o n ,  and t e s t i n g .  I 
a ssu m ed  t h a t  t h e  d e l i v e r y  d a t e  was f i x e d .  I worked b a c k w a rd s  from 
t h a t  d a t e  t o  d e t e r m i n e  t h e  n e c e s s a r y  c o m p l e t i o n  d a t e  f o r  e a c h  t a s k .
I s k e t c h e d  a Program E v a l u a t i o n  Review T e c h n i q u e  (PERT) d i a g r a m  
o f  t h e  p r o j e c t  t a s k s .  F i g u r e  6 p r e s e n t s  t h i s  PERT d i a g r a m  which 
i l l u s t r a t e s  t h e  s c h e d u l e .  S e v e r a l  o f  t h e  t a s k s  r e q u i r e d  a d d i t i o n a l  
p e r s o n n e l  t o  meet  t h e  p r o j e c t  m i l e s t o n e s .  I s u p e r i m p o s e d  t h e  manpower 
e s t i m a t e s  on t h e  PERT d i a g r a m  o f  F i g u r e  6 .  Mr. F i n k  was u n a b l e  t o  add 
p e r s o n n e l  t o  t h e  p r o j e c t .
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S u b s e q u e n t l y ,  I p r o v i d e d  a r e v i s e d  s c h e d u l e  t o  my s u p e r v i s o r s .  
The o r i g i n a l  a s s u m p t i o n  o f  u s i n g  s e v e r a l  e x i s t i n g  DSO s u b s y s t e m s  had 
be e n pr o v e n  f a l s e .  Only one DSO s u b s y s t e m  c o u l d  be  used i n  t h e  AFD. 
O t h e r  s u b s y s t e m s  r e q u i r e d  a new d e s i g n .  I assumed t h a t  no e n g i n e e r i n g  
s u p p o r t  would be a v a i l a b l e .  I a l s o  assumed t h a t  we would m a r k e t  t h e  
AFD i n  two p h a s e s .  The f i r s t  ph as e  was p r o t o t y p e  t e s t i n g .  The s e c o n d  
p h a s e  i n v o l v e d  r e d e s i g n i n g  t h e  p r o d u c t  b e f o r e  e n t e r i n g  t h e  m a r k e t .  
The new s c h e d u l e  I p r o p o s e d  p r o v i d e d  f o r  p r o t o t y p e  d e l i v e r y  i n  August  
1 9 8 2 .
S y m p a t h e t i c  T r i p p i n g  Problem
One o f  t h e  most  s e r i o u s  l i m i t a t i o n s  o f  t h e  f a u l t  d e t e c t o r  was i t s  
s u s c e p t i b i l i t y  t o  s y m p a t h e t i c  t r i p p i n g .  T h i s  pr obl em  was s i g n i f i c a n t  
enough t o  c a u s e  a p r o d u c t  f a i l u r e .  Texas  A&M had c o l l e c t e d  l i t t l e  
d a t a  on t h e  s y m p a t h e t i c  t r i p p i n g  p r o b l e m ,  so we ne e ded  t o  l e a r n  more 
a b o u t  i t .
I s c h e d u l e d  s t a g e d  f a u l t  t e s t s  w i t h  Texas  E l e c t r i c  S e r v i c e  
Company (TESCo) i n  F o r t  Worth.  Dur ing  t h e s e  t e s t s ,  t h e  u t i l i t y  l o w e r s  
a 7 , 2 0 0  v o l t  c o n d u c t o r  t o  t h e  grou nd  t o  s i m u l a t e  a f a l l e n  c o n d u c t o r  
f a u l t .  At t h e  same t i m e ,  we r e c o r d  s i g n a l s  a t  t h e  s u b s t a t i o n .  The 
o b j e c t i v e  o f  t h e s e  p a r t i c u l a r  t e s t s  was t o  r e c o r d  d a t a  from s e v e r a l  
f e e d e r s  d u r i n g  an a r c i n g  f a u l t .  We would use t h e  d a t a  t o  d e t e r m i n e  i f  
t h e  f a u l t e d  f e e d e r  c o u l d  be p o s i t i v e l y  i d e n t i f i e d .
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I a l o n e  was r e s p o n s i b l e  f o r  a r r a n g i n g  t h e  t e s t s ,  r e c o r d i n g  t h e  
s i g n a l s ,  and a n a l y z i n g  t h e  d a t a .  Much p l a n n i n g  was n e e d e d  t o  c o m p l e t e  
t h i s  r e s e a r c h  s u c c e s s f u l l y .  I s c h e d u l e d  t h e  t e s t s  w i t h  TESCo 
p e r s o n n e l  and  s u b m i t t e d  a p l a n  t o  t h e m .  I a l s o  s e c u r e d  t h e  n e c e s s a r y  
s i g n a l  r e c o r d i n g  and a n a l y s i s  e q u i p m e n t .  I r e n t e d  an i n s t r u m e n t a t i o n  
t a p e  r e c o r d e r  and s i g n a l  c o n d i t i o n i n g  e q u ip m e n t  from Texas  A&M. I 
r e n t e d  an o s c i l l o s c o p e  and s p e c t r u m  a n a l y z e r  from a r e n t a l  a g e n c y .
I d e v e l o p e d  a t e s t  p r o c e d u r e  and an i n s t r u m e n t a t i o n  p r o c e d u r e .  
The t e s t  p r o c e d u r e  d e s c r i b e d  t h e  number o f  f a u l t s  t o  be p e r f o r m e d  a t  
e a c h  o f  two l o c a t i o n s .  I t  a l s o  d e s c r i b e d  t h e  s w i t c h i n g  o p e r a t i o n s  
n e e d e d  t o  a r r a n g e  t h e  f e e d e r  c i r c u i t s  p r o p e r l y .  The i n s t r u m e n t a t i o n  
p r o c e d u r e  h e l p e d  me t o  c o o r d i n a t e  t h e  l o c a t i o n  o f  m o n i t o r i n g  d e v i c e s  
a t  s p e c i f i c  t i m e s .
A f t e r  I c o m p l e t e d  t h e  t e s t i n g ,  I s p e n t  two day s  a n a l y z i n g  t h e  
r e c o r d e d  d a t a .  The d a t a  i n d i c a t e d  t h a t  a f e e d e r  w i t h  a f a u l t  a l w a y s  
had a h i g h e r  m a g n i t u d e  s i g n a l  t h a n  t h a t  o f  t h e  u n f a u l t e d  f e e d e r s .  One 
c o u l d  c om pa re  t h e  m a g n i t u d e s  o f  t h e  s i g n a l s  on e a c h  c i r c u i t  i n  a 
s u b s t a t i o n  t o  i d e n t i f y  p r o p e r l y  t h e  f a u l t e d  c i r c u i t .  We o r i g i n a l l y  
p l a n n e d  t o  have an i n d e p e n d e n t  f a u l t  d e t e c t o r  on e a c h  f e e d e r .  I t  now 
a p p e a r e d  t h a t  we n e e de d a s y s te m  a p p r o a c h  whereby t h e  u n i t  m o n i t o r s  
a l l  t h e  f e e d e r s  i n  a s u b s t a t i o n  and d e t e r m i n e s  which one i s  f a u l t e d .  
T h i s  a p p r o a c h  was i n c o r p o r a t e d  i n  t h e  p r o t o t y p e  a r c h i t e c t u r e .
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The s y s t e m  a p p r o a c h  p r o v i d e d  t h e  n e c e s s a r y  " q u i c k  f i x "  t o  t h e  
s y m p a t h e t i c  t r i p p i n g  p r o b l e m .  However ,  t h e  f a c t  t h a t  we were d e a l i n g  
w i t h  a b a s i c  pr o b le m  s uc h a s  t h i s  r e i n f o r c e d  t h e  r e s e a r c h  n a t u r e  o f  
t h e  p r o j e c t .  We s h o u l d  n o t  have made such a m a j o r  p r o d u c t  d e c i s i o n  
b a s e d  upon o b s e r v e d  d a t a  a t  one  l o c a t i o n .  I had made no a t t e m p t  t o  
d e t e r m i n e  i f  t h e  m a g n i t u d e  c o m p a r i s o n  a p p r o a c h  p r o v i d e d  opt imum 
r e s u l t s .  My a p p r o a c h  was u n s c i e n t i f i c  b u t  n e c e s s a r y  t o  meet  t h e  
p r o t o t y p e  d e l i v e r y  p l a n s .
I a n a l y z e d  t h e  d a t a  a g a i n  a t  a l a t e r  d a t e  t o  d e t e r m i n e  t h e  p ha s e  
r e l a t i o n s h i p  o f  t h e  f e e d e r  s i g n a l s .
U t i l i t y  p e r s o n n e l  d i s l i k e d  t h e  s y s t e m  a p p r o a c h  b e c a u s e  i t  
r e q u i r e d  l o n g  c a b l e  r u n s  on c i r c u i t s  which must  be k e p t  s h o r t .  I 
recommended l a t e r  i n  t h e  i n t e r n s h i p  t h a t  GE once a g a i n  a d d r e s s  t h e  
s y m p a t h e t i c  t r i p p i n g  p r o b l e m .  I s u g g e s t e d  t h a t  GE i n v e s t i g a t e  u s i n g  a 
m a g n i t u d e - d e p e n d e n t  t i m e o u t  c h a r a c t e r i s t i c  f o r  t h e  AFD. T h i s  
c h a r a c t e r i s t i c  would a l l o w  i n d e p e n d e n t  u n i t s  t o  be i n s t a l l e d  a t  e a c h  
f e e d e r .
A r c h i t e c t u r e
The o r i g i n a l  AFD c o n c e p t  used an i n d e p e n d e n t  d e t e c t o r  on e a ch  
f e e d e r .  The s y s t e m  a p p r o a c h  r e q u i r e d  t h a t  I d e v e l o p  a new 
a r c h i t e c t u r e .
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The f i r s t  s t e p  i n  d e v e l o p i n g  a s a t i s f a c t o r y  a r c h i t e c t u r e  was t o  
i d e n t i f y  t h e  r e q u i r e m e n t s  f o r  t h e  d e v i c e .  P r o p e r  f u n c t i o n  r e q u i r e d  
t h e  AFD t o  m o n i t o r  t h e  s i g n a l  from e a ch  f e e d e r  in  a s u b s t a t i o n  and t o  
compa re  t h e  m a g n i t u d e s  o f  t h e s e  s i g n a l s .  A d i s t r i b u t i o n  s u b s t a t i o n  
may have from two t o  t w e n t y - f i v e  f e e d e r s .  Easy m a r k e t i n g  o f  t h e  
d e v i c e  r e q u i r e d  t h a t  t h e  a r c h i t e c t u r e  be f l e x i b l e  enough t o  h a n d l e  any 
number  o f  i n p u t s  w i t h i n  t h i s  r a n g e .  A f u r t h e r  r e q u i r e m e n t  was t h a t  
t h e  d e s i g n  be c o m p a t i b l e  w i t h  e x i s t i n g  DSO p r o d u c t s ,  which used I n t e l  
c o m p o n e n t s .  The Texa s  A&M d e s i g n  had i n c o r p o r a t e d  M o to r o l a  
c o m p o n e n t s .
The n e x t  s t e p  in  d e v e l o p i n g  t h e  a r c h i t e c t u r e  was t o  d e t e r m i n e  how 
t o  im p l e m e n t  t h e  d e t e c t i o n  f u n c t i o n .  I c a l c u l a t e d  t h e  amount  o f  
p r o c e s s o r  e x e c u t i o n  t i m e  ne e de d t o  a n a l y z e  e a c h  s i g n a l  and  t h e  amount 
o f  t i m e  n e e d ed  t o  compare  s i g n a l  m a g n i t u d e s .  Thes e  be nc hm a rk s  were 
c a l c u l a t e d  f o r  s e v e r a l  p r o c e s s o r s .  Thes e  c a l c u l a t i o n s  p r o v i d e d  an 
e s t i m a t e  o f  how much p r o c e s s i n g  power we n e e d e d .  I d e v e l o p e d  s e v e r a l  
a r c h i t e c t u r e s  which met t h e  p e r f o r m a n c e  c r i t e r i a .  I t h e n  c o n s i d e r e d  
t h e  a d d i t i o n a l  f a c t o r s  o f  f l e x i b i l i t y ,  c o s t ,  and c o m p l e x i t y  f o r  e ach  
a r c h i t e c t u r e .  I r a n k e d  a r c h i t e c t u r e  c h a r a c t e r i s t i c s  by t h e i r  
i m p o r t a n c e .  F i g u r e  7 shows t h e  a r c h i t e c t u r e  I s e l e c t e d .
T h i s  a r c h i t e c t u r e  a s s i g n s  one I n t e l  8 0 8 5  p r o c e s s o r  and 
a n a l o g - t o - d i g i t a l  c o n v e r t e r  p e r  f e e d e r .  Each o f  t h e s e  f e e d e r  
p r o c e s s o r s  p e r f o r m s  f a u l t  d e t e c t i o n  and t r a n s m i t s  d a t a  t o  an I n t e l  
8 0 8 6  s u b s t a t i o n  p r o c e s s o r  which i d e n t i f i e s  t h e  f a u l t e d  f e e d e r .  I 
c h o s e  t h i s  a r c h i t e c t u r e  f o r  t h e  f o l l o w i n g  r e a s o n s .
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F i g u r e  7 .  A r c i n g  F a u l t  D e t e c t o r  A r c h i t e c t u r e  
A p p l y i n g  Sy s te m  A pp ro ac h
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1 .  I t  p r o v i d e d  t h e  most  l o g i c a l  a l l o c a t i o n  o f  
p r o c e s s o r  power f o r  t h e  f u n c t i o n a l  r e q u i r e m e n t s .
2 .  I t  p r o v i d e d  t h e  most  f l e x i b l e  i m p l e m e n t a t i o n .
3 .  A l t h o u g h  i t  was t h e  most  c o s t l y  a r c h i t e c t u r e ,  i t  
was t h e  s i m p l e s t .  I c o n s i d e r e d  t h i s  f a c t o r  
i m p o r t a n t  b e c a u s e  GE c o u l d  n o t  p r o v i d e  a d d i t i o n a l  
p e r s o n n e l  f o r  t h e  p r o j e c t .
4 .  I c o u l d  us e  an e x i s t i n g  DSO d e s i g n  f o r  t h e  8 0 8 6  
s u b s t a t i o n  p r o c e s s o r .
5 .  Each p r o c e s s o r  had a p p r o x i m a t e l y  a 50% d u t y  c y c l e ,  
a l l o w i n g  t h e  a d d i t i o n  o f  more f u n c t i o n s  i f  n e e d e d .
6 .  The AFD c o u l d  e a s i l y  be co mbined w i t h  o t h e r  DSO 
p r o d u c t s .
Hard war e  D e s i gn
A f t e r  I i d e n t i f i e d  t h e  a r c h i t e c t u r e ,  I d e s i g n e d  t h e  AFD h a r d w a r e .  
F i r s t ,  I d e s i g n e d  t h e  f e e d e r  p r o c e s s o r  u n i t .  The d a t a  a c q u i s i t i o n  
p o r t i o n  o f  t h i s  u n i t  i n c l u d e d  a 2 - 1 0  kHz b a n d p a s s  f i l t e r ,  a samp le  
h o l d ,  and an a n a l o g - t o - d i g i t a l  c o n v e r t e r .  An 8 0 8 5  m i c r o p r o c e s s o r  and 
a s s o c i a t e d  memory c om pon en ts  composed t h e  d a t a  p r o c e s s i n g  p o r t i o n  o f  
t h e  b o a r d .  A b i - d i r e c t i o n a l  i n t e r f a c e  p e r m i t t e d  c o m m u n ic a t io n  be tw een  
t h e  s u b s t a t i o n  p r o c e s s o r  and t h e  f e e d e r  p r o c e s s o r .  F i g u r e  8 g i v e s  a 
b l o c k  d i a g r a m  o f  t h e  f e e d e r  u n i t .  The Appendix p r o v i d e s  t h e  s c h e m a t i c  
d i a g r a m  o f  t h e  f e e d e r  u n i t .  The f i l t e r  was t h e  o n l y  p o r t i o n  o f  t h e  
u n i t  wh ic h was c o n s t r u c t e d .
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The s u b s t a t i o n  p r o c e s s o r  u n i t  i n c o r p o r a t e d  an e x i s t i n g  DSO d e s i g n  
b a s e d  on an 8 0 8 6  m i c r o p r o c e s s o r .  The u n i t  was r e s p o n s i b l e  f o r  
i d e n t i f y i n g  a f a u l t e d  f e e d e r ,  c o m m u n ic a t in g  w i t h  o t h e r  d e v i c e s ,  and 
r e c o r d i n g  d a t a .  F i g u r e  9 shows t h e  c o n c e p t u a l  d e s i g n  o f  t h e  
s u b s t a t i o n  p r o c e s s o r  u n i t  and i t s  a s s o c i a t e d  p e r i p h e r a l  d e v i c e s .  I 
worked no f u r t h e r  on t h e  d e s i g n  o f  t h e  s u b s t a t i o n  u n i t .
S o f t w a r e  D e s i g n  '
I was r e s p o n s i b l e  f o r  t h e  s o f t w a r e  d e s i g n  o f  t h e  f a u l t  d e t e c t o r .  
G e n e r a l  E l e c t r i c  r e q u i r e d  a t op- dow n a p p r o a c h  t o  s o f t w a r e  d e s i g n .  
They us ed  GE Pro gra m Desi gn Language ( PD L ),  i n s t e a d  o f  f l o w c h a r t s ,  t o  
d e s c r i b e  a l g o r i t h m s .  My f i r s t  s t e p  o f  t h e  s o f t w a r e  d e s i g n  was t o  
l e a r n  PDL.
I s u b s e q u e n t l y  c o n v e r t e d  t h e  f l o w c h a r t s  o f  t h e  TAMU s o f t w a r e  w i t h  
e n h a n c e m e n t s  i n t o  PDL. Once I a c c o m p l i s h e d  t h i s ,  GE r e q u i r e d  me t o  
s u b m i t  my s o f t w a r e  t o  a w a l k t h r o u g h .  A w a l k t h r o u g h  i s  a p e e r  r e v i e w  
o f  s o f t w a r e  i n v o l v i n g  t h r e e  o r  more o t h e r  e n g i n e e r s  and i s  p e r f o r m e d  
t o  e l i m i n a t e  m i s t a k e s  i n  an a l g o r i t h m .  The w a l k t h r o u g h  u n c o v e r e d  
s e v e r a l  b a s i c  p r o b le m s  w i t h  t h e  program s t r u c t u r e .  I c h a n g e d  t h e  
p r ogra m  s t r u c t u r e  and r e v i s e d  t h e  PDL p r o g r a m s .  The s o f t w a r e  d e s i g n  
was l e f t  a t  t h a t  s t a g e .
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S o f t w a r e  S u b c o n t r a c t
We h i r e d  a c o n s u l t i n g  f i r m  t o  c o n v e r t  my PDL pr ogr am s i n t o  
m i c r o p r o c e s s o r  a s s e m b l y  l a n g u a g e  c o d e .  We a g r e e d  t h a t  t h e y  would 
p e r f o r m  two p h a s e s  o f  work.  The f i r s t  p h a s e  was t o  w r i t e  a s t a t e m e n t  
o f  w o r k .  The s e c o n d  p ha s e  was t o  c o n v e r t  t h e  p r o g r a m s .  I was t h e  GE 
l i a i s o n  w i t h  t h e  c o n t r a c t o r .
We e n c o u n t e r e d  many p r ob le m s  w i t h  e x e c u t i n g  t h i s  c o n t r a c t .  We 
w ere  n o t  r e a d y  t o  i d e n t i f y  t h e  work t o  be d o n e .  GE c a n c e l l e d  t h e  
c o n t r a c t  d u r i n g  t h e  S t a t e m e n t  o f  Work p h a s e .
P r o d u c t  Sp ec i  f i c a t i o n s
B e f o r e  I a r r i v e d ,  Mr. Manley had begun w r i t i n g  p r o d u c t  
s p e c i f i c a t i o n s  f o r  t h e  AFD. I became b r i e f l y  i n v o l v e d  i n  t h i s  t a s k  
a f t e r  I bega n t h e  i n t e r n s h i p .  The o b j e c t i v e  was t o  compose a document  
which p r o v i d e d  a f u n c t i o n a l  and p h y s i c a l  d e s c r i p t i o n  o f  t h e  AFD and 
wh ic h p r o v i d e d  p e r f o r m a n c e  and t e s t i n g  s p e c i f i c a t i o n s  f o r  t h e  d e v i c e  
t o  m e e t .
While  we t o o k  some s t e p s  t o w a r d  d e f i n i n g  s p e c i f i c a t i o n s ,  we l e f t  
s e v e r a l  i m p o r t a n t  a r e a s  undone.  We c o u l d  n o t  d e f i n e  s e v e r a l  
c h a r a c t e r i s t i c s  o r  r e q u i r e m e n t s  o f  t h e  d e v i c e  e i t h e r  b e c a u s e  t h e y  were  
n o t  known o r  b e c a u s e  t h e y  were c h a n g i n g .
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E v a l u a t i o n  o f  C o m p e t i t i o n
One o f  GE's c o m p e t i t o r s  had m a r k e t e d  an open c o n d u c t o r  r e l a y .  
S e v e r a l  o t h e r  o r g a n i z a t i o n s  were  p u r s u i n g  met hod s  t o  im pr ov e  h i g h  
i m pe da nce  f a u l t  d e t e c t i o n .  General  E l e c t r i c  r e q u e s t e d  me t o  e v a l u a t e  
t h e s e  c o m p e t i t i v e  t e c h n i q u e s .
I g a t h e r e d  a l l  t h e  i n f o r m a t i o n  I c o u l d  on t h e s e  o t h e r  m e t h o d s .  I 
t h e n  a n a l y z e d  t h e  s t r e n g t h s  and t h e  w e a k n e s s e s  o f  e a c h  method 
e s p e c i a l l y  a s  compared t o  t h o s e  o f  t h e  AFD. I e v a l u a t e d  e a c h  p r o d u c t  
by i t s  p r o b a b l e  p e r f o r m a n c e ,  c o s t ,  and i m p l e m e n t a t i o n  and by what 
p r o b l e m s  t h e  p r o d u c t  i n t r o d u c e d .  F o r  most  o f  t h e  c o m p e t i t i v e  
t e c h n i q u e s ,  my a n a l y s i s  was b r i e f .  However ,  I e v a l u a t e d  t h e  open 
c o n d u c t o r  r e l a y  i n  d e t a i l  b e c a u s e  i t  was a l r e a d y  b e i n g  s o l d .  I a l s o  
p a r t i c i p a t e d  i n  w r i t i n g  a d i s c u s s i o n  o f  a t e c h n i c a l  p a p e r  d e s c r i b i n g  
t h e  open c o n d u c t o r  r e l a y .
Open C o n d u c t o r  D e t e c t i o n  Enhancement
A f t e r  t h e i r  c o m p e t i t o r  had i n t r o d u c e d  t h e  open c o n d u c t o r  r e l a y ,  
GE a s k e d  me i f  t h e  AFD c o u l d  be made t o  d e t e c t  open c o n d u c t o r s  i n  
a d d i t i o n  t o  a r c i n g  f a u l t s .
To a n s w e r  t h i s  q u e s t i o n ,  I f i r s t  i d e n t i f i e d  how t h e  c o m p e t i t o r  
d e t e c t e d  open c o n d u c t o r s .  I d e f i n e d  t h e  i m p l e m e n t a t i o n  n e c e s s a r y  f o r  
t h e  AFD t o  p e r f o r m  t h i s  f u n c t i o n .  I s k e t c h e d  a f u n c t i o n a l  d i a g r a m  o f  
a s u i t a b l e  i m p l e m e n t a t i o n .  The a r c h i t e c t u r e  o f  t h e  open c o n d u c t o r  
r e l a y  m at c h ed  a n o t h e r  DSO p r o d u c t  more c l o s e l y  t h a n  i t  m at c h ed  t h e
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AFD. I recommended t h a t  t h e  open c o n d u c t o r  d e t e c t o r  be i n c l u d e d  in  
t h i s  o t h e r  d e v i c e  and n o t  i n  t h e  AFD.
S i g n a l  Level C o n s i d e r a t i o n s
The A r c i n g  F a u l t  D e t e c t o r  m o n i t o r s  a s i g n a l  which i s  s m a ll  in  
m a g n i t u d e  compared t o  t h e  m a g n i t u d e  o f  60  Hz c u r r e n t .  I t  i s  d i f f i c u l t  
t o  f i l t e r  and t o  a m p l i f y  t h i s  s i g n a l  w i t h o u t  a l s o  a m p l i f y i n g  
e l e c t r i c a l  n o i s e .  The m i c r o c o m p u t e r  h a r d w a r e  used i n  t h e  AFD 
compounds t h i s  p ro ble m  b e c a u s e  t h e  h a r d w a r e  g e n e r a t e s  e l e c t r i c a l  
n o i s e .  I was e s p e c i a l l y  c o n c e r n e d  a b o u t  p l a c i n g  s e v e r a l  
m i c r o c o m p u t e r s  n e a r  t h e  s e n s i t i v e  s i g n a l  c o n d i t i o n i n g  s y s t e m .  I 
n e e d e d  a s i g n a l  t r a n s d u c e r  which p r o v i d e d  s u f f i c i e n t  g a i n  i n  t h e  2 - 1 0  
kHz p a s s b a n d  w h i l e  r e j e c t i n g  60  Hz and i t s  h a r m o n i c s .
I n i t i a l l y ,  I hoped t o  use an a u x i l i a r y  c u r r e n t  t r a n s f o r m e r  which 
DSO had d e s i g n e d .  A f t e r  e v a l u a t i n g  t h i s  c u r r e n t  t r a n s f o r m e r ,  I 
c o n c l u d e d  t h a t  i t  would n o t  be a d e q u a t e .  I t h e n  gave my 
s p e c i f i c a t i o n s  t o  a m a g n e t i c s  e n g i n e e r  a t  t h e  PSMBD o f f i c e .  He 
d e s i g n e d  and c o n s t r u c t e d  a s u i t a b l e  t r a n s a c t o r  which ove rc a m e  many o f  
t h e  s i g n a l  l e v e l  p r o b l e m s .  I t e s t e d  t h e  t r a n s a c t o r  and g r a p h e d  i t s  
t r a n s f e r  f u n c t i o n .
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R e l i a b i l i t y  S t u d y
D i g i t a l  Sy st em s O p e r a t i o n  s t a n d a r d s  r e q u i r e d  t h a t  a l l  p r o d u c t s  
m eet  a 10 y e a r  m e a n - t i m e - b e t w e e n - f a i l  u r e  (MTBF) s p e c i f i c a t i o n .  T h i s  
s t a n d a r d  i s  h i g h  f o r  d i g i t a l  e q u i p m e n t ,  b u t  DSO r e q u i r e s  t h i s  s t a n d a r d  
b e c a u s e  u t i l i t i e s  e x p e c t  new p r o t e c t i v e  d e v i c e s  t o  be a s  r e l i a b l e  a s  
t h e  d e v i c e s  t h e y  r e p l a c e .
S t a t i s t i c a l  m ethods  a r e  used t o  p r e d i c t  t h e  f a i l u r e  r a t e  o f  e a c h  
t r a n s i s t o r  i n  a d e v i c e  a t  a g i v e n  maximum t e m p e r a t u r e .  One can t h e n
compute  t h e  f a i l u r e  r a t e  o f  t h e  e n t i r e  s y s t e m  b a s e d  upon t h e  t o t a l
number  o f  t r a n s i s t o r s  i n  t h e  d e v i c e .
I c a l c u l a t e d  a p r e l i m i n a r y  f a i l u r e  r a t e  f o r  t h e  AFD. The 
c a l c u l a t e d  MTBF v a l u e  was much l o w e r  t h a n  t h e  r e q u i r e d  10 y e a r  MTBF 
s p e c i f i c a t i o n .  I worked no f u r t h e r  t o  impro ve  t h e  r e l i a b i l i t y  o f  t h e  
AFD.
V i s i t  t o  R & D F a c i l i t y
Ge n e r a l  E l e c t r i c  R e s e a r c h  and Development  i n  S c h e n e c t a d y ,  New 
York a n a l y z e d  s i g n a l  p r o p a g a t i o n  on d i s t r i b u t i o n  f e e d e r s .  T h e i r  
r e s e a r c h  i n t e n d e d  t o  c h a r a c t e r i z e  co m m u n ic a t io n  s i g n a l  p r o p a g a t i o n  
from d e v i c e s  l o c a t e d  a t  r e s i d e n c e s  t o  a d e v i c e  a t  a s u b s t a t i o n .  The 
s i g n a l  p r o p a g a t i o n  p r ob le m s  t h e y  e n c o u n t e r e d  were s i m i l a r  t o  
p r o p a g a t i o n  pr o b le m s  we e x p e r i e n c e d  w i t h  t h e  AFD. I v i s i t e d  t h i s  
f a c i l i t y  t o  l e a r n  more a b o u t  t h e i r  work.
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Band wid th  o f  C u r r e n t  T r a n s f o r m e r
The AFD d e r i v e s  i t s  i n p u t  from t h e  s e c o n d a r y  o f  an e x i s t i n g  
c u r r e n t  t r a n s f o r m e r  i n s t a l l e d  on a d i s t r i b u t i o n  f e e d e r .  L i t t l e  
r e s e a r c h  had been done on t h e  f i d e l i t y  o f  t h e s e  d e v i c e s  a t  s e v e r a l  
k i l o h e r t z .  We were i n t e r e s t e d  i n  t h e  f i d e l i t y  o f  t h e  d e v i c e s  b e c a u s e  
we had d e c i d e d  t o  compare  t h e  m a g n i t u d e s  o f  s i g n a l s  from s e v e r a l  
f e e d e r s .  I f  t h e  c u r r e n t  t r a n s f o r m e r s  d i d  n o t  a c c u r a t e l y  r e p r o d u c e  t h e  
s i g n a l s  f rom t h e  f e e d e r s ,  t h e  m a g n i t u d e  c o m p a r i s o n  c o u l d  p r o v i d e  
i n c o r r e c t  r e s u l t s .
I c o n t a c t e d  s e v e r a l  m a g n e t i c s  e n g i n e e r s  b o t h  i n  GE and i n  o t h e r  
c o m p a n i e s .  They i n d i c a t e d  t h a t  c u r r e n t  t r a n s f o r m e r s  p r o v i d e  s u i t a b l e  
a c c u r a c y  a t  f r e q u e n c i e s  up t o  20  kHz. We would have no p r o b le m  w i t h  
t h e  c u r r e n t  t r a n s f o r m e r s .
P r e s e n t a t i o n  t o  t h e  S t a f f
On s e v e r a l  o c c a s i o n s ,  my s u p e r v i s o r s  r e q u e s t e d  t h a t  I p r e s e n t  t h e  
p r o j e c t  s t a t u s  t o  t h e  s t a f f .  In g e n e r a l ,  I would p r e p a r e  a 
p r e s e n t a t i o n  and would r e v i e w  t h e  t o p i c s  o f  d i s c u s s i o n  w i t h  Mr. 
Ridgeway p r i o r  t o  a m e e t i n g .
The f o l l o w i n g  were my m a j o r  p r e s e n t a t i o n s  t o  t h e  s t a f f .
1 .  J u l y  2 7 ,  1 9 8 1 .  I r e v i e w e d  t h e  p r o j e c t  s t a t u s  and t h e  
r e s u l t s  o f  t h e  TAMU r e s e a r c h .  I d i s c u s s e d  t h e  
t e c h n i c a l  and b u s i n e s s  pr ob le m s  w i t h  t h e  AFD and
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summarized t h e  p l a n  f o r  d e l i v e r i n g  a p r o d u c t  t o  t h e  
m a r k e t .
2 .  S e p t e m b e r  1 1 ,  1 9 8 1 .  I p r e s e n t e d  t h e  r e s u l t s  o f  t h e
s t a g e d  f a u l t  t e s t s  and i d e n t i f i e d  t h e  s y s t e m  a p p r o a c h .
I p r e s e n t e d  t h e  i n i t i a l  p r o j e c t  s c h e d u l e  and p e r s o n n e l  
r e q u i  r e m e n t s .
3 .  November 1 1 ,  1 9 8 1 .  I r e v i e w e d  t h e  a r c h i t e c t u r e  f o r  t h e  AFD. 
C l o s u r e
I hav e p r e s e n t e d  t h e  m a j o r  a s s i g n m e n t s  I c a r r i e d  o u t  d u r i n g  t h e  
f i r s t  h a l f  o f  t h e  i n t e r n s h i p .  The o b j e c t i v e  o f  t h e s e  a s s i g n m e n t s  was 
t o  d e l i v e r  p r o t o t y p e  f a u l t  d e t e c t o r s  i n  e a r l y  1 9 8 2 .
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CHAPTER VII
ASSIGNMENTS DURING SECOND HALF OF INTERNSHIP
I n t r o d u c t i o n
On December 8 ,  1 9 8 1 ,  Dr .  R u s s e l l  met w i t h  t h e  DSO s t a f f  t o  
d i s c u s s  t h e  s t a t u s  o f  t h e  A r c i n g  F a u l t  D e t e c t o r  p r o j e c t .  At t h i s  
m e e t i n g ,  many o f  t h e  pr ob le m s  w i t h  t h e  p r o j e c t  wer e  d i s c u s s e d .  J u s t  
p r i o r  t o  t h i s  m e e t i n g ,  Mr. Mankoff  had become t h e  m a n a g e r  o f  t h e  
o f f i c e .  He soon r e a r r a n g e d  t h e  o r g a n i z a t i o n a l  s t r u c t u r e  o f  t h e  
o p e r a t i o n .
T h i s  c h a p t e r  p r e s e n t s  t h e  a s s i g n m e n t s  I c a r r i e d  o u t  d u r i n g  t h e  
s e c o n d  h a l f  o f  t h e  i n t e r n s h i p .  Du ri ng  December  1 9 8 1 ,  t h e  e m p h a s i s  f o r  
t h e  AFD p r o j e c t  s h i f t e d  from c o m m e r c i a l i z i n g  q u i c k l y  t o  i n v e s t i g a t i n g  
t h e  p r o b l e m s  o f  t h e  p r o j e c t  and e v a l u a t i n g  t h e i r  i m p l i c a t i o n s .  With 
t h i s  s h i f t  i n  e m p h a s i s ,  my a s s i g n m e n t s  were d i r e c t e d  t o w a r d  
d e t e r m i n i n g  i f  i t  was f e a s i b l e  t o  c o m m e r c i a l i z e  t h e  p r o d u c t .
Our a p p r o a c h  t o  i n v e s t i g a t i n g  t h e  m a r k e t  f o r  t h e  d e t e c t o r  was a s  
f o l l o w s .  We d e l i v e r e d  p r e s e n t a t i o n s  t o  s e v e r a l  u t i l i t y  c o m p a n i e s .  We 
s o u g h t  t o  have t h e s e  u t i l i t i e s  p u r c h a s e  p r o t o t y p e  d e t e c t o r s .  Du ri ng  
t h e s e  p r e s e n t a t i o n s ,  we a l s o  s u r v e y e d  t h e  r e a c t i o n s  o f  t h e  u t i l i t i e s  
t o  t h e  A r c i n g  F a u l t  D e t e c t o r .  Many o f  t h e  u t i l i t i e s  gave n e g a t i v e  
o p i n i o n s  o f  some o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  d e t e c t o r .  T h e i r  views 
c a u s e d  us t o  i n v e s t i g a t e  ways t o  improve t h e  d e t e c t o r .  I e v a l u a t e d  a 
method o f  p e r f o r m i n g  f a u l t  d e t e c t i o n  w i t h  a low f r e q u e n c y  s i g n a l .  
T h i s  method c o u l d  d r a s t i c a l l y  r e d u c e  t h e  c o s t  o f  t h e  d e t e c t o r .
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In a m e e t i n g  w i t h  t h e  s t a f f ,  t h e  company l a w y e r  d e s c r i b e d  t o  us 
t h e  i m p l i c a t i o n s  o f  p r o d u c t  l i a b i l i t y  l a w .  I p r o v i d e d  GE w i t h  a l i s t  
o f  o p t i o n s  t o  f o l l o w  and recommended a p a r t i c u l a r  c o u r s e  o f  a c t i o n  f o r  
t h e  f u t u r e  o f  t h e  pr o g ra m .  B e f o r e  I l e f t  GE, I w r o t e  f i n a l  r e p o r t s  
which su mmarized t h e  t e c h n i c a l  and b u s i n e s s  s t a t u s  o f  t h e  p r o j e c t .
Th e se  were  t h e  m a j o r  a c t i v i t i e s  o f  t h e  se c o n d  h a l f  o f  t h e  
i n t e r n s h i p .  I w i l l  now p r e s e n t  t h e s e  and o t h e r  r e l a t e d  a c t i v i t i e s  i n  
d e t a i l .
M a rk e t  R e s e a r c h
The management  team wanted t o  i n v e s t i g a t e  t h e  m a r k e t  need  f o r  t h e  
A r c i n g  F a u l t  D e t e c t o r .  They d e t e r m i n e d  t h a t  we c o u l d  a c c o m p l i s h  t h i s  
by making p r e s e n t a t i o n s  t o  s e v e r a l  u t i l i t y  c o m p a n i e s .  The main 
o b j e c t i v e  o f  t h e  p r e s e n t a t i o n s  was t o  e n c o u r a g e  t h e  u t i l i t i e s  t o  
p u r c h a s e  p r o t o t y p e  f a u l t  d e t e c t o r s .  The s e co nd  o b j e c t i v e  o f  t h e  
p r e s e n t a t i o n s  was t o  d e t e r m i n e  w h e t h e r  t h e  u t i l i t i e s  would a c c e p t  t h e  
c h a r a c t e r i s t i c s  o f  t h e  AFD.
We d e l i v e r e d  t h e  p r e s e n t a t i o n s  t o  t e n  u t i l i t i e s .  I p a r t i c i p a t e d  
i n  t h r e e  o f  t h e s e  m e e t i n g s  and was p r i m a r i l y  r e s p o n s i b l e  f o r  
d e s c r i b i n g  t h e  f u n c t i o n  o f  t h e  d e v i c e .  L a t e r ,  I f u r t h e r  s u r v e y e d  f o u r  
o f  t h e s e  u t i l i t i e s  by t e l e p h o n e .
In g e n e r a l ,  w h i l e  t h e s e  u t i l i t i e s  e a g e r l y  d i s c u s s e d  t h e  AFD, t h e y  
r e s i s t e d  p u r c h a s i n g  a p r o t o t y p e  d e t e c t o r .  Many u t i l i t y  p e r s o n n e l  
d i s l i k e d  t h e  pr o b le m s  w i t h  t h e  d e t e c t o r .  They r e c o g n i z e d  t h e  l e g a l
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f a c t o r s  which c o u l d  a f f e c t  a p p l i c a t i o n  o f  t h e  p r o d u c t .  One u t i l i t y  
f e l t  o b l i g a t e d  t o  p u r c h a s e  a p r o t o t y p e  onc e t h e y  l e a r n e d  o f  t h e  
p r o g r a m .  A n o t h e r  u t i l i t y  w an te d t o  buy a d e t e c t o r  j u s t  t o  p r o v e  i t  
would n o t  wor k.  A t h i r d  u t i l i t y  would n o t  buy an AFD u n l e s s  t h e y  were  
f o r c e d  t o  buy o n e .  T h i s  same company i n d i c a t e d  i t  was n o t  w i l l i n g  t o  
f und GE p r o d u c t  d e v e l o p m e n t .
T he s e  o p i n i o n s  from t h e  u l t i m a t e  u s e r s  o f  t h e  AFD e m p h a s i z e d  t h e  
n e e d t o  e v a l u a t e  c a r e f u l l y  t h e  p r o j e c t  b e f o r e  we p r o c e e d e d  f u r t h e r .
C o s t  E s t i m a t i n g
Two o f  t h e  i t e m s  we p r e s e n t e d  t o  t h e  u t i l i t i e s  d u r i n g  o u r  
p r e s e n t a t i o n s  were  an e s t i m a t e  o f  t h e  s e l l i n g  p r i c e  o f  a p r o t o t y p e  
d e t e c t o r  and an e s t i m a t e  o f  t h e  s e l l i n g  p r i c e  o f  a p r o d u c t i o n  model 
d e t e c t o r .  I e s t i m a t e d  t h e  s e l l i n g  p r i c e  o f  t h e  p r o t o t y p e s  b a s e d  upon 
t h e  m a t e r i a l  c o s t  o f  t h e  co mponents  in  my d e s i g n .
To e s t i m a t e  a p r i c e  f o r  t h e  p r o d u c t i o n  m odel ,  Mr. Manley and I 
v i s i t e d  t h e  PSMBD p r o d u c t i o n  f a c i l i t y .  E n g i n e e r s  a t  t h i s  p l a n t  
d e s c r i b e d  t h e  m a t e r i a l s  t h e y  would use in  a commercial  p r o d u c t  and 
e s t i m a t e d  t h e  amount  o f  l a b o r  nee ded  t o  a s s e m b l e  a u n i t .  Usin g t h e  
m a t e r i a l  and  l a b o r  c o s t s ,  we c a l c u l a t e d  t h e  v a r i a b l e  and  f i x e d  c o s t s  
f o r  a s i n g l e  d e t e c t o r .  By c om bi ni ng  t h e s e  c o s t s  w i t h  a s t a n d a r d  
c o n t r i b u t i o n  m a r g i n ,  we d e t e r m i n e d  a s e l l i n g  p r i c e .
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Low F r e q u e n c y  F a u l t  D e t e c t i o n
S e v e r a l  u t i l i t i e s  d i s a p p r o v e d  o f  t h e  c a p a c i t o r  bank a t t e n u a t i o n  
p r o b l e m s  w i t h  t h e  A r c in g  F a u l t  D e t e c t o r .  They i n d i c a t e d  i t  would be 
t o o  c o s t l y  t o  i n s t a l l  t h e  c a p a c i t o r  bank t u n i n g  d e v i c e s  which p e r m i t  
t h e  a r c i n g  s i g n a l  t o  p r o p a g a t e  t o  t h e  s u b s t a t i o n .
Mr. S c h n i e p e r  s u g g e s t e d  t h a t  we d e s i g n  t h e  AFD t o  m o n i t o r  
f r e q u e n c i e s  below 1 kHz. C a p a c i t o r  ba nks  do n o t  a t t e n u a t e  low 
f r e q u e n c y  s i g n a l s .  U n f o r t u n a t e l y ,  a t  low f r e q u e n c i e s  t h e  h a r m o n i c s  o f  
60  Hz c u r r e n t  a r e  l a r g e  compared t o  t h e  a r c i n g  f a u l t  s i g n a l .  The 
Te xa s  A&M c o n c e p t  was t o  m o n i t o r  f r e q u e n c i e s  a bo ve  2 kHz t o  a v o i d  
t h e s e  l a r g e  60  Hz h a r m o n i c s .  Mr. S c h n i e p e r  and I c o n j e c t u r e d  t h a t  we 
m i g h t  a v o i d  b o t h  t h e  ha rm o n i c s  pr ob le m  and t h e  c a p a c i t o r  bank 
a t t e n u a t i o n  pr ob le m  by d e s i g n i n g  t h e  AFD t o  m o n i t o r  s i g n a l s  betw een  
h a r m o n i c s  below 1 kHz.
To p r o v i d e  more i n s i g h t  on t h i s  p o t e n t i a l  i m p r o v e m e n t ,  I 
p e r f o r m e d  a d d i t i o n a l  a n a l y s i s  o f  r e c o r d e d  f a u l t  d a t a .  I r e n t e d  a 
s p e c t r u m  a n a l y z e r  and a r r a n g e d  t o  p l a y  t h e  t a p e  r e c o r d i n g s  a t  Texas  
A&M.
I o b s e r v e d  t h e  b e h a v i o r  o f  t h e  s i g n a l  a t  s e v e r a l  s p e c i f i c  
f r e q u e n c i e s  on h a rm o n i c s  o f  60  Hz and betw een  h a r m o n i c s .  I a l s o  
o b s e r v e d  wid e ba nd  s i g n a l s  i n  s e v e r a l  f r e q u e n c y  r a n g e s .  I ex am in ed 
t e s t s  w i t h  t h e  c a p a c i t o r  banks  b o t h  i n  s e r v i c e  and n o t  i n  s e r v i c e .  I 
co mpa red  my o b s e r v a t i o n s  w i t h  t h e  b e h a v i o r  o f  t h e  s i g n a l  a b o v e  2 kHz. 
With c a p a c i t o r  banks  i n  s e r v i c e ,  one c o u l d  d e t e c t  t h e  p r e s e n c e  o f  a
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f a u l t  by o b s e r v i n g  f r e q u e n c i e s  be tw een  h a r m o n i c s  be low  75 0  Hz. Under  
t h e  same c o n d i t i o n s  one c o u l d  n o t  i d e n t i f y  f a u l t s  when m o n i t o r i n g  t h e  
2 - 1 0  kHz s i g n a l  which t h e  Texas  A&M d e s i g n  u s e d .  These  r e s u l t s  
s u g g e s t e d  t h a t  we c o u l d  s i g n i f i c a n t l y  r e d u c e  t h e  i n s t a l l e d  c o s t  o f  t h e  
AFD by d e s i g n i n g  i t  t o  m o n i t o r  c u r r e n t  b e tw e en  60  Hz h a r m o n i c s  belo w 1 
kHz.
Th es e  r e s u l t s  were  p r e l i m i n a r y .  I had o n l y  begun t h e  n e e d e d  
a n a l y s i s .  We would have t o  p e r f o r m  more r i g o r o u s  s i g n a l  p r o c e s s i n g  
work t o  c h a r a c t e r i z e  t h e  s i g n a l  b e h a v i o r  a d e q u a t e l y .  A d d i t i o n a l l y ,  
t h e  r e j e c t i o n  o f  60  Hz h a r m o n i c s  c o u l d  p r o v e  d i f f i c u l t  o r  c o s t l y .  
N e v e r t h e l e s s ,  t h e  f a u l t  d e t e c t i o n  method u s i n g  low f r e q u e n c y  s i g n a l s  
shows p r o m i s e .
A d d i t i o n a l  Work on S y m p a t h e t i c  T r i p p i n g  Problem
D u r i n g  my a n a l y s i s  o f  t h e  r e c o r d e d  d a t a ,  I a l s o  s o u g h t  a s o l u t i o n  
t o  t h e  s y m p a t h e t i c  t r i p p i n g  p r o b l e m .  The u t i l i t y  c o m p a n i e s  we 
c o n t a c t e d  i n  o u r  m a r k e t  r e s e a r c h  d i s l i k e d  t h e  s y s t e m  a p p r o a c h  a s  a 
means t o  a v o i d  s y m p a t h e t i c  t r i p p i n g .  They d e s i r e d  i n d e p e n d e n t  
d e t e c t o r s  on e a c h  f e e d e r .  My o b j e c t i v e  i n  t h e  a n a l y s i s  o f  t h e  
r e c o r d e d  d a t a  was t o  i d e n t i f y  any method which would p e r m i t  a d e t e c t o r  
t o  i g n o r e  a f a u l t  on a n o t h e r  f e e d e r .  I had no p a r t i c u l a r  t e c h n i q u e  in  
mind b u t  hoped t h a t  some method would become a p p a r e n t  d u r i n g  d a t a  
a n a l y s i s .  I ex ami ned  v o l t a g e  waveforms on t h e  s u b s t a t i o n  bus  and 
c u r r e n t  waveforms on f a u l t e d  and u n f a u l t e d  f e e d e r s .  I c o u l d  n o t  
i d e n t i f y  a ny  u n i q u e  c h a r a c t e r i s t i c s  i n  t h e  s i g n a l s  on t h e  f a u l t e d
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f e e d e r .  My e x a m i n a t i o n  was c u r s o r y .  D e t a i l e d  a n a l y s i s  m i g h t  s u g g e s t  
a s o l u t i o n .
I l a t e r  d e v e l o p e d  t h e  c o n c e p t  o f  u s i n g  a m a g n i t u d e  d e p e n d e n t  t i m e  
c h a r a c t e r i s t i c  f o r  t h e  AFD. T h i s  t e c h n i q u e  i s  s i m i l a r  t o  t h a t  us ed  in 
o v e r c u r r e n t  r e l a y s .  The l e n g t h  o f  t i m e  b e f o r e  t h e  d e t e c t o r  s e n s e s  a 
f a u l t  d e p e n d s  on t h e  m a g n i t u d e  o f  t h e  s i g n a l .  The u n i t  w i t h  t h e  
h i g h e s t  m a g n i t u d e  s i g n a l ,  p r e s u m a b l y  on t h e  f a u l t e d  f e e d e r ,  i s  t h e  
f i r s t  t o  d e t e c t  t h e  f a u l t .  Assuming t h a t  t h e  AFD on e a c h  f e e d e r  i n  a 
s u b s t a t i o n  i s  o p e r a t e d  a s  a r e l a y ,  t h e  f a u l t e d  f e e d e r  i s  t h e  o n l y  one 
d e - e n e r g i z e d  d u r i n g  a f a u l t .  I n d e p e n d e n t  d e t e c t o r s  on e a c h  f e e d e r  can 
im p l e m e n t  t h i s  t e c h n i q u e .
M a n u f a c t u r e r  L i a b i l i t y
The management  team e x p r e s s e d  c o n c e r n  a b o u t  t h e  p o t e n t i a l  f o r  
p r o d u c t  l i a b i l i t y  l a w s u i t s  w i t h  t h e  A r c i n g  F a u l t  D e t e c t o r .  We 
a r r a n g e d  t o  d i s c u s s  t h e  i s s u e  w i t h  t h e  company l a w y e r .
The l a w y e r  p r o v i d e d  t h e  comments on m a n u f a c t u r e r  p r o d u c t  
l i a b i l i t y  which were m e n t io n e d  in  t h e  "Legal E n v i ro n m e n t"  s e c t i o n  o f  
C h a p t e r  IV. He summarized t h a t  t h e  AFD would have t o  be v e r y  
p r o f i t a b l e  t o  o f f s e t  t h e  payment o f  damages from l a w s u i t s .
I a s k e d  t h e  l a w y e r  i f  GE c o u l d  be found n e g l i g e n t  f o r  n o t  
m a r k e t i n g  t h e  AFD. He a n s w e re d  t h a t  GE would n o t  be n e g l i g e n t .
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I n t e r n a t i o n a l  M a r k e t i n g
The m an ag er  o f  I n t e r n a t i o n a l  M a r k e t i n g  f o r  PSMBD a s k e d  i f  t h e  AFD 
c o u l d  be used on f o r e i g n  power s y s t e m s .  He a s k e d  t h i s  q u e s t i o n  
b e c a u s e  f o r e i g n  power s y s te m  c o n s t r u c t i o n  d i f f e r s  s u b s t a n t i a l l y  from 
t h a t  used i n  t h e  U n i t e d  S t a t e s .  F o r e i g n  c o u n t r i e s  commonly use  two 
f e e d e r  c o n s t r u c t i o n  p r a c t i c e s .  I i d e n t i f i e d  t h e  c h a r a c t e r i s t i c s  o f  
e a c h  o f  t h e s e  t y p e s  o f  f e e d e r s .  I a l s o  d e t e r m i n e d  how f o r e i g n  
u t i l i t i e s  im p l em e n te d  t h e i r  p r o t e c t i v e  r e l a y i n g .  Based upon my 
i n v e s t i g a t i o n s ,  I d e t e r m i n e d  t h a t  t h e  AFD c o u l d  p r o v i d e  l i t t l e  o r  no 
imp ro ve me nt  o v e r  e x i s t i n g  p r o t e c t i v e  r e l a y i n g  on f o r e i g n  s y s t e m s .
D i s t r i b u t i o n  L i n e  C a r r i e r
S e v e r a l  m a n u f a c t u r e r s  m a r k e t  s y s t e m s  which can co mm uni ca te  
i n f o r m a t i o n  on a d i s t r i b u t i o n  f e e d e r .  Th e se  d i s t r i b u t i o n  l i n e  c a r r i e r  
(DLC) s y s t e m s  a l l o w  two-way co m m un ic a t io n be tw een  a c e n t r a l  c o m p u t e r  
and d e v i c e s  l o c a t e d  a t  r e s i d e n c e s .  Some o f  t h e s e  c o m m u n i c a t i o n s  
s y s t e m s  i n j e c t  a s i g n a l  on t h e  d i s t r i b u t i o n  f e e d e r  a t  a f r e q u e n c y  o f  
s e v e r a l  k i l o h e r t z .  The p r e s e n c e  o f  t h e  s i g n a l  p o s e s  a p r oble m  f o r  
f a u l t  d e t e c t i o n  b e c a u s e  t h e  AFD m o n i t o r s  t h e s e  f r e q u e n c i e s .  The 
d e t e c t o r  c o u l d  m i s t a k e n l y  i d e n t i f y  a c o m m u n i c a t i o n s  o p e r a t i o n  a s  a 
f a u l t .  U n f o r t u n a t e l y ,  t h e  c o m m u n ic a t io n s  s y s t e m s  use  s e v e r a l  
d i f f e r e n t  f r e q u e n c i e s  and m o d u l a t i o n  t e c h n i q u e s .
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My a p p r o a c h  t o  t h i s  prob lem was f i r s t  t o  i d e n t i f y  and t o  
c h a r a c t e r i z e  a s  many c o m m u n ic a t io n s  s y s t e m s  a s  p o s s i b l e .  I was 
h i n d e r e d  b e c a u s e  some o f  t h e  n e c e s s a r y  i n f o r m a t i o n  was u n a v a i l a b l e  and  
b e c a u s e  some co m pa ni es  have n o t  s e l e c t e d  a p a r t i c u l a r  c o m m u n i c a t i o n s  
f r e q u e n c y .  The i n f o r m a t i o n  I g a t h e r e d  i n d i c a t e d  t h a t  t h e r e  was l i t t l e  
i n  common among t h e  v a r i o u s  s y s t e m s ,  t h u s  making a g e n e r a l  s o l u t i o n  
di  f f i c u l t .
I n o t e d  t h r e e  p o t e n t i a l  s o l u t i o n s .
1 .  We c o u l d  d e s i g n  f i l t e r s  t o  r e j e c t  s p e c i f i c  c o m m u n ic a t io n  
s i g n a l s .  T h i s  a p p r o a c h  would be c o s t l y  b e c a u s e  i t  would 
r e q u i r e  t a i l o r i n g  e a ch  d e t e c t o r  t o  i g n o r e  a s p e c i f i c  
s i g n a l .
2 .  An i n t e g r a t e - a n d - d u m p  c i r c u i t  c o u l d  remove a c a r r i e r .
3 .  We c o u l d  a l s o  d e v i s e  an a l g o r i t h m  t o  d i s t i n g u i s h  
i n t e r m i t t e n t  a r c i n g  s i g n a l s  from t h e  s t e a d y  DLC s i g n a l s .
We worked no f u r t h e r  on t h i s  p r ob le m .
Harmonic A void an ce
Harmo ni cs  o f  60  Hz a r e  p r e s e n t  on a d i s t r i b u t i o n  f e e d e r  a t  
f r e q u e n c i e s  o f  s e v e r a l  k i l o h e r t z .  They a r e  o f  t h e  same o r d e r  o f  
m a g n i t u d e  a s  t h e  s i g n a l  used f o r  a r c i n g  f a u l t  d e t e c t i o n .  Some DLC 
s y s t e m s  r e j e c t  t h e s e  h a rm o n i cs  and t r a n s m i t  t h e  c a r r i e r  a t  a f r e q u e n c y  
be tw e e n  t h e  h a r m o n i c s .  T h i s  harm oni c  a v o i d a n c e  a l l o w s  a p p r o x i m a t e l y  a
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3 0  dB im provement  in  s i g n a l - t o - n o i s e  r a t i o .  I i n v e s t i g a t e d  w h e t h e r  
t h e  p r i n c i p l e  o f  ha rm on ic  a v o i d a n c e  c o u l d  be a p p l i e d  t o  a r c i n g  f a u l t  
d e t e c t i o n .  A r c i n g  g e n e r a t e s  a wid eb an d s i g n a l  which c o u l d  be d e t e c t e d  
b e tw e e n  h a r m o n i c s .  R e j e c t i o n  o f  h a r m o n i c s  c o u l d  i mp ro ve  t h e  
s e n s i t i v i t y  o f  t h e  AFD.
I had r e c o r d e d  s p e c t r a l  t r a c e s  in  t h e  s u b s t a t i o n  a t  TESCo 
f o l l o w i n g  t h e  s e r i e s  o f  s t a g e d  f a u l t  t e s t s .  Th e se  t r a c e s  i n c l u d e d  
s p e c t r a  from one p h a s e  o f  t h e  bus  v o l t a g e  and from t h e  r e s i d u a l  
c u r r e n t  on one f e e d e r .  The AFD m o n i t o r s  r e s i d u a l  c u r r e n t .  I 
m o n i t o r e d  n a r r o w  f r e q u e n c y  r a n g e s  n e a r  5 kHz.
I n o t e d  t h a t  t h e  h a rm o n i c s  were s m a l l e r  i n  m a g n i t u d e  i n  t h e  
r e s i d u a l  c u r r e n t  t h a n  t h e y  were on t h e  p h a s e  v o l t a g e .  I c o n j e c t u r e d  
t h a t  t h e  r e s i d u a l  h a r m o n i c s  were  small  b e c a u s e  t h e  r e s i d u a l  i s  formed 
by t h e  v e c t o r  a d d i t i o n  o f  t h r e e  s i g n a l s  which a r e  n e a r l y  e q u a l  i n  
m a g n i t u d e  and 120  d e g r e e s  a p a r t  from e ach  o t h e r .  In t h e  r e s i d u a l  
c u r r e n t ,  ha rm o n i c  peaks  were o n l y  a b o u t  10 dB a b ove  t h e  s y s t e m  n o i s e  
l e v e l .  I t  a p p e a r e d  t h a t  harmo nic  a v o i d a n c e  would n o t  s i g n i f i c a n t l y  
i m p r o v e  t h e  s e n s i t i v i t y  o f  t h e  f a u l t  d e t e c t o r .  However ,  I recommended 
t h a t  we r e s e a r c h  t h e  m a t t e r  f u r t h e r .
Prog ram  O p t i o n s
As t h e  i n t e r n s h i p  n e a r e d  i t s  e n d ,  Mr. S c h n i e p e r  a s k e d  me t o  l i s t  
t h e  a v a i l a b l e  o p t i o n s  f o r  p r o c e e d i n g  w i t h  t h e  AFD p r o g ra m .  I 
a d d r e s s e d  t h i s  a s s i g n m e n t  by f i r s t  i d e n t i f y i n g  t h e  v a r i o u s  a p p r o a c h e s  
which GE c o u l d  t a k e .  Two a p p r o a c h e s  s t o o d  o u t ,  n a m e l y ,  t h e  o r i g i n a l
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c o n c e p t  o f  m o n i t o r i n g  s i g n a l s  a bo ve  2 kHz, and t h e  p o t e n t i a l  
i mp ro ve me nt  o f  m o n i t o r i n g  s i g n a l s  below  1 kHz. I t h e n  i d e n t i f i e d  t h e  
a d v a n t a g e s  and d i s a d v a n t a g e s  o f  e a ch  a p p r o a c h ,  e m p h a s i z i n g  t h e  
p o t e n t i a l  f o r  s u c c e s s  o f  t h e  low f r e q u e n c y  d e s i g n .  F i n a l l y ,  I 
e s t i m a t e d  t h e  r e s o u r c e s  ne e de d t o  c o m p l e t e  e a c h  o p t i o n .
Re com mendat ions
A f t e r  o u t l i n i n g  t h e  f u t u r e  o p t i o n s  f o r  t h e  AFD p r o g r a m ,  I 
d e t a i l e d  t h e  pr ogram which I b e l i e v e d  was n e c e s s a r y  t o  l e a d  t o  m a r k e t  
e n t r y .  The f o l l o w i n g  summary d e s c r i b e s  my r e c o m m e n d a t i o n .  I d i v i d e d  
t h e  p r o j e c t  i n t o  a B u s i n e s s  Program and a T e c h n i c a l  Program which a r e  
t o  be p u r s u e d  s i m u l t a n e o u s l y .  I a l s o  i d e n t i f i e d  s e v e r a l  p o i n t s  a t  
wh ic h GE c o u l d  d e c i d e  t o  p r o c e e d  w i t h  o r  t o  s t o p  a c t i v i t y .  The goal  
o f  t h i s  e f f o r t  was t o  d e v e l o p  a f e e d e r - i n d e p e n d e n t  d e t e c t o r  wh ic h d i d  
n o t  r e q u i r e  c a p a c i t o r  bank c o n d i t i o n i n g  and which had a s e l l i n g  p r i c e  
o f  one t h o u s a n d  d o l l a r s .
B u s i n e s s  Program
1 .  D e ve l op a p l a n  t o  r e d u c e  p r o d u c t  l i a b i l i t y .
2 .  D e v e l o p  s a l e s  f o r e c a s t s  b a s e d  on s e v e r a l  s c e n a r i o s .
3 .  I d e n t i f y  c u s t o m e r  and m a r k e t  c h a r a c t e r i s t i c s ,  
e s p e c i a l l y  pro blem s w i t h  l i a b i l i t y .
4 .  E v a l u a t e  t h e  i m p l i c a t i o n s  o f  t h i s  p r o d u c t  f o r  GE.
5 .  S o l i d i f y  t h e  p r o d u c t  o f f e r i n g .  Try t o  a v o i d  t h e  
e m p h a s i s  on s a f e t y .
6 .  I d e n t i f y  r e a s o n a b l e  a p p r o a c h e s  t o  o p e r a t i o n a l  p r o b l e m s .
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7 .  De ve lo p a s y s t e m a t i c  method t o  i n c o r p o r a t e  s o l u t i o n s  
t o  t h e s e  m a r k e t i n g  pr o b le m s  i n t o  t h e  p r o d u c t .
T e c h n i c a l  Program
1 .  S t a g e  a d d i t i o n a l  f a u l t  t e s t s  t o  r e c o r d  low f r e q u e n c y  d a t a .
2 .  P e r f o r m  c o m p u t e r  a n a l y s i s  t o  c h a r a c t e r i z e  t h e  s i g n a l .
3 .  P e r f o r m  a d d i t i o n a l  c o m p u t e r  a n a l y s i s  t o  s o l v e  t h e  
s y m p a t h e t i c  t r i p p i n g  p r o b le m .
4 .  S i m u l a t e  f a u l t  d e t e c t i o n  a l g o r i t h m s  and  model f i l t e r i n g  
t e c h n i q u e s  on a c o m p u t e r .
5 .  W r i t e  t h e  p r o d u c t  s p e c i f i c a t i o n s .
6 .  D e s ig n  t h e  f a u l t  d e t e c t o r .  C o n s i d e r  an a n a l o g  i m p l e m e n t a t i o n  
f o r  t h e  d e t e c t o r .
7 .  D e m o n s t r a t e  a p r o t o t y p e  f a u l t  d e t e c t o r .
Thermal  L oa di ng
All  d i g i t a l  d e v i c e s  have t e m p e r a t u r e  r a t i n g s .  When t h e  
t e m p e r a t u r e  o f  a d i g i t a l  d e v i c e  e x c e e d s  i t s  r a t i n g  t h e  d e v i c e  may 
m a l f u n c t i o n .  The AFD was t o  be i n s t a l l e d  in  o u t d o o r  m etal  c a b i n e t s  
w hi ch  o c c a s i o n a l l y  r e a c h  an i n t e r n a l  t e m p e r a t u r e  o f  175 d e g r e e s  F.  
D i g i t a l  d e v i c e s  a l s o  g e n e r a t e  h e a t ,  c o m p l i c a t i n g  t h e  p r o b l e m .  I 
c a l c u l a t e d  t h e  h e a t  d i s s i p a t i o n  o f  t h e  u n i t  and d i s c u s s e d  t h e  r e s u l t s  
w i t h  a n o t h e r  GE e n g i n e e r .  We d e t e r m i n e d  t h a t  i n d u s t r i a l  g r a d e  
c o m po ne nts  c o u l d  t o l e r a t e  t h e  abov e c o n d i t i o n s  i f  a fan  p r o v i d e d  
c o o l i n g .  We a l s o  d e v e l o p e d  a p r e l i m i n a r y  p h y s i c a l  l a y o u t  f o r  t h e  
u n i t .
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IEEE P r e s e n t a t i o n
At t h e  r e q u e s t  o f  GE, I d e l i v e r e d  a p r e s e n t a t i o n  on t h e  A r c i n g  
F a u l t  D e t e c t o r  P r o j e c t  t o  t h e  P h i l a d e l p h i a  c h a p t e r  o f  t h e  I n s t i t u t e  o f  
E l e c t r i c a l  and  E l e c t r o n i c s  E n g i n e e r s  Power E n g i n e e r i n g  S o c i e t y .
P r e s e n t a t i o n  t o  S t a f f
D u r i n g  t h e  se c o n d  h a l f  o f  t h e  i n t e r n s h i p ,  I d e l i v e r e d  one 
p r e s e n t a t i o n  t o  t h e  s t a f f  r e g a r d i n g  t h e  AFD p r o j e c t .  Soon a f t e r  t h e  
o f f i c e  r e o r g a n i z a t i o n ,  I p r e s e n t e d  t h e  p r o j e c t  s t a t u s  t o  s e v e r a l  
members o f  t h e  management  t e a m .
F i n a l  R e p o r t s
B e f o r e  c o n c l u d i n g  t h e  i n t e r n s h i p ,  I w r o t e  two r e p o r t s  which 
d e s c r i b e d  my a c t i v i t i e s  d u r i n g  t h e  i n t e r n s h i p  and which summ ari zed  a l l  
t h a t  we had l e a r n e d  i n  t h e  AFD p r o j e c t .  My o b j e c t i v e  was t o  t r a n s f e r  
i n  w r i t i n g  t o  GE a l l  t h a t  I knew a b o u t  t h e  d e t e c t o r .
The f i r s t  r e p o r t  d e a l t  w i t h  t e c h n i c a l  m a t t e r s .  I t  su mmarized t h e  
r e s u l t s  o f  t h e  TAMU r e s e a r c h ,  d e s c r i b e d  t h e  m a j o r  t e c h n i c a l  
a s s i g n m e n t s  o f  t h e  i n t e r n s h i p ,  and d e s c r i b e d  t h e  p r o b le m s  which we 
a d d r e s s e d .
The s e c o n d  r e p o r t  d i s c u s s e d  t h e  b u s i n e s s  and  m a r k e t i n g  a s p e c t s  o f  
t h e  p r o j e c t .  T h i s  r e p o r t  d e s c r i b e d  t h e  p r o j e c t  s c o p e ,  which I 
p r e s e n t e d  i n  C h a p t e r  IV. I d e s c r i b e d  how we had a d d r e s s e d  t h e  
m a r k e t i n g  p r o b l e m s .  I a l s o  summarized t h e  r e s u l t s  o f  o u r  m a r k e t
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r e s e a r c h  and  o f  t h e  m e e t i n g  w i t h  t h e  l a w y e r .  The r e p o r t  c o v e r e d  t h e  
m i s u n d e r s t a n d i n g s  which had o c c u r r e d  p r e v i o u s l y  i n  t h e  p r o g ra m .  
F i n a l l y ,  I d e s c r i b e d  t h e  f u t u r e  pr ogram which a p p e a r e d  t o  have t h e  
b e s t  c h a n c e  f o r  s u c c e s s .
Time O v e r c u r r e n t  A 1g o r i t h m  E v a l u a t i o n
T h i s  a s s i g n m e n t  d i d  n o t  r e l a t e  t o  t h e  AFD b u t  r e l a t e d  t o  a n o t h e r  
ASO p r o d u c t  which p e r f o r m s  o v e r c u r r e n t  r e l a y i n g .  T h i s  d e v i c e  u s e s  an 
a l g o r i t h m  which s i m u l a t e s  t h e  t i m e  o v e r c u r r e n t  c u r v e s  o f  a s t a n d a r d  
e l e c t r o m e c h a n i c a l  r e l a y  which i t  r e p l a c e s .  I was i n s t r u c t e d  t o  
d e t e r m i n e  t h e  amount  o f  e r r o r  i n  t h e  a p p r o x i m a t i o n  used by t h i s  
a l g o r i t h m  when compared w i t h  t h e  c h a r a c t e r i s t i c  v a l u e s  o f  t h e  
e l e c t r o m e c h a n i c a l  r e l a y .  I f  t h e  e r r o r  was l a r g e ,  I was t o  i d e n t i f y  
a n y  p o t e n t i a l  method o f  r e d u c i n g  t h e  e r r o r .
I began by o v e r l a y i n g  t h e  t i m e  o v e r c u r r e n t  c u r v e s  from t h e  
d i g i t a l  r e l a y  on t h e  c u r v e s  from t h e  e l e c t r o m e c h a n i c a l  r e l a y .  I 
comp ute d t h e  e r r o r  a t  s e v e r a l  d i f f e r e n t  t i m e - d i a l  s e t t i n g s .  I a l s o  
o b s e r v e d  t h a t  t h e  d i g i t a l  r e l a y  p r o v i d e d  t o t a l  c o v e r a g e  o f  t h e  
e l e c t r o m e c h a n i c a l  c u r v e s .  I t h e n  n o t e d  t h a t  a n a l o g  o v e r c u r r e n t  r e l a y  
c u r v e s  do n o t  match t h e  c o r r e s p o n d i n g  e l e c t r o m e c h a n i c a l  r e l a y  c u r v e s .  
B e c a u s e  t h e  d i f f e r e n c e  betw een  t h e  a n a l o g  and  e l e c t r o m e c h a n i c a l  r e l a y  
c u r v e s  i s  a c c e p t a b l e ,  I c o n c l u d e d  t h a t  t h e  d i f f e r e n c e  b e tw e en  t h e  
d i g i t a l  and e l e c t r o m e c h a n i c a l  r e l a y  c u r v e s  would a l s o  be a c c e p t a b l e .
I r e p o r t e d  my f i n d i n g s  t o  a n o t h e r  ASO e n g i n e e r  who d e c i d e d  t o  a c c e p t  
t h e  d i g i t a l  o v e r c u r r e n t  r e l a y  a l g o r i t h m .
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E v e n t  R e c o r d e r  P r e l i m i  n a r y  P r o d u c t  D e s c r i  p t i o n
T h i s  a s s i g n m e n t  was a l s o  n o t  r e l a t e d  t o  t h e  AFD p r o j e c t .  I was 
i n s t r u c t e d  t o  d e v e l o p  a p r e l i m i n a r y  p r o d u c t  d e s c r i p t i o n  f o r  a d i g i t a l  
d e v i c e  which was t o  p e r f o r m  slo w o s c i l l o g r a p h y  and s e q u e n c e - o f - e v e n t s  
r e c o r d i n g s .  The d e v i c e  would s t o r e  d a t a  a u t o m a t i c a l l y  on c a s s e t t e  
t a p e .  The o b j e c t i v e s  o f  my a s s i g n m e n t  were t o  d e s c r i b e  t h e  f u n c t i o n s  
o f  t h e  d e v i c e ,  t o  s u g g e s t  s p e c i f i c a t i o n s ,  and t o  p r o v i d e  a c o n c e p t u a l  
d e s i g n  o r  a r c h i t e c t u r e  f o r  t h e  u n i t .  The p r o d u c t  d e s c r i p t i o n  was t o  
be a f o u n d a t i o n  from which t o  p u r s u e  f u r t h e r  work.
I bega n t h e  t a s k  by i d e n t i f y i n g  a l l  t h e  t y p e s  o f  s i g n a l s  which 
would be r e c o r d e d .  I t h e n  c a l c u l a t e d  t h e  amount  o f  d a t a  which had t o  
be h a n d l e d  d u r i n g  t h e  l o n g e s t  r e c o r d i n g .  Two m ethods  would a l l o w  t h e  
t r a n s f e r  o f  d a t a  t o  c a s s e t t e  t a p e .  The f i r s t  method would be t o  
r e c o r d  m o n i t o r e d  s i g n a l s  on t a p e  i n  r e a l  t i m e .  The s e c o n d  method 
would be f i r s t  t o  s t o r e  t h e  d a t a  i n  random a c c e s s  memory and t h e n  t o  
t r a n s f e r  i t  t o  t a p e  a t  a s low r a t e .  I o u t l i n e d  t h e  t r a d e - o f f s  f o r  
e v a l u a t i n g  which method t o  c h o o s e  and r e v i e w e d  some o f  t h e  b a s i c  
d e s i g n  c o n s i d e r a t i o n s .  I a l s o  p r o v i d e d  an a r c h i t e c t u r e  which a l l o w e d  
a d d i t i o n a l  c a p a b i l i t i e s  such a s  t i m e - t a g g i n g  and c o m m u n ic a t io n  w i t h  
o t h e r  d e v i c e s .
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C l o s u r e
I have d i s c u s s e d  my a s s i g n m e n t s  d u r i n g  t h e  
i n t e r n s h i p .  Most o f  t h e s e  a s s i g n m e n t s  
i n v e s t i g a t i n g  t h e  s t a t u s  o f  t h e  p r o j e c t  and t h e  
t h e  f u t u r e  o p t i o n s  f o r  t h e  pr og ra m .
s e co nd  h a l f  o f  t h e  
were  d i r e c t e d  t o w a r d  
m a r k e t  and d e t e r m i n i n g
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CHAPTER V II I  
RESULTS OF INTERNSHIP
Overview
T h i s  c h a p t e r  su mm ari zes  t h e  r e s u l t s  o f  t h e  i n t e r n s h i p  e x p e r i e n c e .  
F i r s t ,  I e v a l u a t e  t h e  i n t e r n s h i p  g o a l s .  T he n ,  I r e v i e w  what  I 
c o n t r i b u t e d  t o  Gene ral  E l e c t r i c  d u r i n g  t h e  i n t e r n s h i p .  F i n a l l y ,  I 
summ ari ze  what  I l e a r n e d  d u r i n g  t h e  i n t e r n s h i p .
Outcome o f  I n t e r n s h i p  Goals
D u r i n g  t h e  i n t e r n s h i p  I c o n t i n u e d  t o  d e v e l o p  t h e  A r c i n g  F a u l t  
D e t e c t o r .  I a l s o  h e l p e d  GE g a t h e r  m a r k e t i n g  i n f o r m a t i o n  t h e y  ne e ded  
t o  j u d g e  t h e  p o t e n t i a l  s u c c e s s  o f  t h i s  p r o d u c t .  What I a c c o m p l i s h e d  
d u r i n g  t h e  i n t e r n s h i p  was n o t  what  GE s o u g h t  a t  t h e  s t a r t  o f  t h e  
i n t e r n s h i p .  T h e i r  g o a l s  were t o  d e l i v e r  p r o t o t y p e s  and t o  d e v e l o p  a 
p r o d u c t i o n  p l a n  d u r i n g  my s t a y .  T h e i r  o b j e c t i v e s  were  n o t  met f o r  t h e  
f o l l o w i n g  r e a s o n s .
F i r s t ,  much more work was ne e de d t o  d e t e r m i n e  i f  t h e  p r o d u c t  
c o u l d  be s u c c e s s f u l .  General  E l e c t r i c  had r e c o g n i z e d  t h a t  t h e  m a r k e t  
wa nte d  a h i g h  impeda nce  f a u l t  d e t e c t o r .  However ,  GE p e r h a p s  d i d  n o t  
r e a l i z e  t h a t  i t  would be d i f f i c u l t  t o  s a t i s f y  t h e  m a r k e t  n e e d .  
F u r t h e r m o r e ,  m a n u f a c t u r e r  and u t i l i t y  l i a b i l i t y  f o r  t h i s  p r o d u c t  pose  
s e r i o u s  o b s t a c l e s  t o  t h e  c o m m e r c i a l i z a t i o n  o f  t h e  AFD. The m a r k e t i n g  
p r o b l e m s  f o r  t h e  AFD a r e  n o t  i m p o s s i b l e  t o  o v e r c o m e ,  b u t  t h e y  r e q u i r e  
c l o s e  e x a m i n a t i o n .
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S e c o n d ,  G en er al  E l e c t r i c  m i s u n d e r s t o o d  t h e  t e c h n i c a l  s t a t u s  o f  
t h e  p r o j e c t .  They a p p a r e n t l y  b e l i e v e d  t h a t  we c o u l d  e a s i l y  c o n v e r t  
t h e  TAMU p r o t o t y p e  i n t o  a co mmercial  p r o d u c t .  S u b s t a n t i a l  work was 
n e e d e d  j u s t  t o  c o n v e r t  t h e  TAMU d e s i g n  i n t o  a commerc ial  d e s i g n .  
M o r e o v e r ,  m a r k e t  r e s e a r c h  i n d i c a t e d  t h a t  f u r t h e r  t e c h n i c a l  d e v e l o p m e n t  
was n e e d ed  t o  p r o d u c e  a s a l a b l e  d e t e c t o r .  The AFD p r o j e c t  was i n  a 
r e s e a r c h  s t a g e ,  n o t  in  a d e v e l o p m e n t  s t a g e .
T h i r d ,  i n a d e q u a t e  r e s o u r c e s  were a s s i g n e d  t o  t h e  p r o j e c t .  Even 
i f  t h e  m a r k e t  was c l e a r l y  d e f i n e d  and i f  t h e  f a u l t  d e t e c t i o n  
t e c h n o l o g y  was m a t u r e ,  i t  i s  u n l i k e l y  t h a t  any one p e r s o n  c o u l d  have 
f i n i s h e d  a co mmercial  d e s i g n  o f  t h e  p r o d u c t  i n  n i n e  m o n t h s .
C o n t r i b u t i o n  t o  GE
The d e v e l o p m e n t  and i n v e s t i g a t i v e  work I d i d  b e n e f i t t e d  t h e  
p r o j e c t .  I made f o u r  m a j o r  c o n t r i b u t i o n s  t o  G en er al  E l e c t r i c .
F i r s t ,  I t r a n s m i t t e d  my knowledge o f  t h e  Texas  A&M p r o j e c t  
r e s u l t s  t o  GE. T h i s  knowledge w i l l  p e r m i t  GE t o  b u i l d  t h e  AFD i f  t h e y  
so d e c i d e .
S e c o n d ,  I s u b s t a n t i a l l y  d e v e l o p e d  t h e  Texas A&M f a u l t  d e t e c t i o n  
c o n c e p t  d u r i n g  my employment  a t  GE. I improved t h e  c o n c e p t  by 
d e v e l o p i n g  t h e  s y s te m  a p p r o a c h  t o  h a n d l e  s y m p a t h e t i c  t r i p p i n g .  The 
s y s t e m  a p p r o a c h  may n o t  be a d e s i r a b l e  s o l u t i o n ,  b u t  i t  may t u r n  o u t  
t o  be t h e  o n l y  s o l u t i o n  t o  s y m p a t h e t i c  t r i p p i n g .  I a l s o  im pr ove d t h e  
c o n c e p t  by e n h a n c i n g  t h e  f a u l t  d e t e c t i o n  a l g o r i t h m  t o  p r o v i d e  more
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s e n s i t i v e  and r e l i a b l e  d e t e c t i o n  o f  f a u l t s .  A d d i t i o n a l l y ,  we a d v a n c e d  
t h e  d e t e c t i o n  c o n c e p t  by i n v e s t i g a t i n g  f a u l t  d e t e c t i o n  a t  low 
f r e q u e n c i e s .
T h i r d ,  I c o n v e r t e d  t h e  e n h a n c e d  Texa s  A&M d e s i g n  i n t o  a d e s i g n  
which i s  c o m p a t i b l e  w i t h  ASO s t a n d a r d s .  I d e s i g n e d  t h e  d e t e c t o r  
h a r d w a r e  w i t h  p r o c e d u r e s  and c om pon en ts  which ASO u s e d .  I w r o t e  t h e  
f a u l t  d e t e c t i o n  a l g o r i t h m  i n  Gene ral  E l e c t r i c  Program D e s i gn  L a n g u a g e .
F o u r t h ,  I h e l p e d  GE t o  e v a l u a t e  t h e  A r c i n g  F a u l t  D e t e c t o r  a s  a 
p r o d u c t .  My m a j o r  c o n t r i b u t i o n  i n  t h i s  a r e a  was i d e n t i f y i n g  t h e  
o b s t a c l e s  t o  c o m m e r c i a l i z i n g  t h e  d e t e c t o r .  T h i s  c o n t r i b u t i o n  was t h e  
most  i m p o r t a n t  one o f  t h e  i n t e r n s h i p .  I d e n t i f y i n g  t h e  p r o j e c t  s c o p e  
p r o v i d e s  GE w i t h  more i n f o r m a t i o n  w i t h  which t h e y  can d e c i d e  w h e t h e r  
t o  m a r k e t  t h e  AFD.
In summary,  t h e  i n t e r n s h i p  a d v a n c e d  t h e  p r o d u c t  d e v e l o p m e n t  and 
b u s i n e s s  a n a l y s i s  p h a s e s  o f  c o m m e r c i a l i z i n g  t h e  A r c i n g  F a u l t  D e t e c t o r .
My E x p e r i e n c e
The i n t e r n s h i p  p r o v i d e d  me w i t h  i n v a l u a b l e  e x p e r i e n c e  i n  an 
i n d u s t r i a l  o r g a n i z a t i o n .  The e x p e r i e n c e  b e n e f i t t e d  my gr owt h  a s  an 
e n g i n e e r  and a s  a p e r s o n .
Most i m p o r t a n t l y ,  I l e a r n e d  t h e  n e c e s s i t y  f o r  open and h o n e s t  
c o m m u n i c a t i o n .  Po or  co mm un ic a t io n c a u s e d  many o f  t h e  p r o b le m s  we 
e n c o u n t e r e d  a t  GE. I c o n t r i b u t e d  t o  t h e  m i s u n d e r s t a n d i n g s  by n o t  
b e i n g  a s s e r t i v e  in  my c o m m u n ic a t io n s  w i t h  o t h e r  GE p e r s o n n e l .  My
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a t t e m p t s  t o  meet  t h e  goal  o f  q u i c k  c o m m e r c i a l i z a t i o n  e x a c e r b a t e d  t h e s e  
p r o b l e m s .
C l o s e l y  a l l i e d  w i t h  t h e  nee d f o r  good c o m m u n ic a t io n  i s  t h e  need 
t o  a c c e p t  c o n f l i c t .  In any o r g a n i z a t i o n ,  c o n f l i c t  i s  i n e v i t a b l e  and 
n e c e s s a r y .  C o n f l i c t  i s  b e n e f i c i a l  when i t  i s  promo ted p r o p e r l y  
b e c a u s e  i t  l e a d s  t o  t h e  s e a r c h  f o r  b e t t e r  s o l u t i o n s  t o  p r o b l e m s . [ 1 2 ]  
C o n f l i c t  i s  d e s t r u c t i v e  when i t  i s  r e p r e s s e d  t o o  o f t e n .  Good 
c o m m u n i c a t i o n  l e a d s  t o  b e t t e r  a c c e p t a n c e  o f  c o n f l i c t  and v i c e  v e r s a .  
The c o m b i n a t i o n  o f  good c o m m un ic a t io n and a c c e p t a n c e  o f  c o n f l i c t  l e a d s  
t o  t h e  s o l u t i o n  o f  p r o b l e m s .
At GE, I a p p l i e d  much t h a t  I l e a r n e d  a t  Texas  A&M. The most  
s i g n i f i c a n t  a s p e c t  o f  my e d u c a t i o n  t h a t  I us ed  was a s y s t e m a t i c  
a p p r o a c h  t o  p r o b l e m - s o l v i n g .  T h i s  a p p r o a c h  a p p l i e s  t o  a n y  t y p e  o f  
pro ble m : t e c h n i c a l ,  b u s i n e s s ,  o r  o r g a n i z a t i o n a l .
As a m a j o r  component  o f  s y s t e m a t i c  p r o b l e m - s o l v i n g ,  one  must  view 
t h e  e n t i r e t y  o f  a p r o j e c t  w h i l e  w or ki ng  on any  p a r t i c u l a r  a r e a  o f  t h e  
p r o j e c t .  F o r  e x a m p l e ,  i t  was h e l p f u l  t o  o b s e r v e  how t h e  m a r k e t i n g  and 
e n g i n e e r i n g  f u n c t i o n s  o f  t h e  AFD p r o j e c t  i n t e r a c t e d .  When t h e  
u t i l i t i e s  r e j e c t e d  t h e  h i g h  f r e q u e n c y  d e t e c t i o n  c o n c e p t  a s  t o o  
e x p e n s i v e ,  i t  became an e n g i n e e r i n g  pr obl em  t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  low f r e q u e n c y  f a u l t  d e t e c t i o n .  L i k e w i s e ,  one  must  
c o n s i d e r  t h e  l o n g - t e r m  e f f e c t s  o f  a d e c i s i o n .
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C l o s u r e
The i n t e r n s h i p  goal  o f  c o m m e r c i a l i z i n g  t h e  f a u l t  d e t e c t o r  was n o t  
m e t .  I n s t e a d ,  I f u r t h e r  d e v e l o p e d  t h e  d e t e c t o r  and i n v e s t i g a t e d  t h e  
p r o b l e m s  w i t h  c o m m e r c i a l i z a t i o n .  I a l s o  t r a n s m i t t e d  t h e  r e s u l t s  o f  
t h e  TAMU p r o j e c t  t o  GE and d e v e l o p e d  a G E - c o m p a t i b l e  d e s i g n  o f  t h e  
TAMU d e t e c t o r  w i t h  e n h a n c e m e n t s .
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CHAPTER IX 
CONCLUSIONS
I c o m p l e t e d  t h e  i n t e r n s h i p  r e q u i r e m e n t  f o r  t h e  D o c t o r  o f  
E n g i n e e r i n g  d e g r e e  w i t h  t h e  G en er al  E l e c t r i c  Company. The p u r p o s e  o f  
my i n t e r n s h i p  was t o  t r a n s f e r  t o  GE t h e  r e s u l t s  o f  r e s e a r c h  a t  Texas  
A&M on t h e  A r c i n g  F a u l t  D e t e c t o r .  The o b j e c t i v e  o f  G en er al  E l e c t r i c  
f o r  my i n t e r n s h i p  was t o  d e v e l o p  a comme rci al  model o f  t h e  AFD. I d i d  
n o t  meet  t h e i r  o b j e c t i v e  f o r  t h e  f o l l o w i n g  r e a s o n s :
1 .  S u b s t a n t i a l l y  more e n g i n e e r i n g  e f f o r t  was n e e d e d  t o  p r o d u c e  
a h i g h - q u a l i t y  commercial  d e s i g n .
2 .  Much more m a r k e t  r e s e a r c h  and p r o d u c t  d e v e l o p m e n t  were 
r e q u i r e d  t o  p r o v i d e  a m a r k e t a b l e  d e v i c e .
3 .  G en er al  E l e c t r i c  was u n a b l e  t o  a s s i g n  a d d i t i o n a l  p e r s o n n e l  
t o  t h e  p r o j e c t .
T h e s e  r e a s o n s  f o r  f a i l i n g  t o  meet  t h e  p r o j e c t  o b j e c t i v e  a r e  
i n d i c a t i v e  o f  t h e  g o a l - s e t t i n g  p r ob le m s  we e x p e r i e n c e d  d u r i n g  t h e  
i n t e r n s h i p .  E x c e s s i v e  e n t h u s i a s m  f o r  t h e  p r o j e c t  l e d  t o  a 
m i s u n d e r s t a n d i n g  o f  t h e  p r o j e c t  s t a t u s  and a d i s a g r e e m e n t  on t h e  
e x t e n t  o f  work r e q u i r e d  t o  r e a c h  m a r k e t  e n t r y .
The i n t e r n s h i p  a c c o m p l i s h e d  t h e  f o l l o w i n g :
1.  I t r a n s m i t t e d  t h e  r e s u l t s  o f  t h e  Texas  A&M r e s e a r c h  t o  
Gene ral  E l e c t r i c .
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2 .  We a d v a n c e d  t h e  f a u l t  d e t e c t i o n  c o n c e p t .
3 .  I c o n v e r t e d  an e nh a n ce d  v e r s i o n  o f  t h e  Texas  A&M d e t e c t o r  
i n t o  a G E - c o m p a t i b l e  d e s i g n .
4 .  I i n v e s t i g a t e d  t h e  r o a d b l o c k s  t o  c o m m e r c i a l i z i n g  t h e  AFD.
Thes e  a c c o m p l i s h m e n t s  o f  t h e  i n t e r n s h i p  e n a b l e  G e ne r al  E l e c t r i c  
t o  c o n t i n u e  t h e  b u s i n e s s  a n a l y s i s  o f  and t h e  p r o d u c t  d e v e l o p m e n t  f o r  
t h e  A r c i n g  F a u l t  D e t e c t o r .
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VITA
Bruc e Michael  Aucoin was bor n on December  1 0 ,  1 9 5 4  i n  New 
O r l e a n s ,  L o u i s i a n a .  He i s  t h e  son o f  Elwood J .  and K a t h l e e n  D. Aucoin  
o f  H a r a h a n ,  L o u i s i a n a .  The a u t h o r ' s  p e rm a n e n t  m a i l i n g  a d d r e s s  i s  117  
O a kl a nd  A v e . ,  H a r a h a n ,  L o u i s i a n a ,  7 0 1 2 3 .
Mr. Aucoin  r e c e i v e d  a B a c h e l o r  o f  S c i e n c e  d e g r e e  w i t h  a m a j o r  in  
E n g i n e e r i n g  S c i e n c e s  f rom t h e  U n i v e r s i t y  o f  New O r l e a n s  i n  1 9 7 6 .  He 
r e c e i v e d  a M a s t e r  o f  E n g i n e e r i n g  d e g r e e  w i t h  a m a j o r  i n  E l e c t r i c a l  
E n g i n e e r i n g  from Texas  A&M U n i v e r s i t y  i n  1 9 7 8 .
Mr. Aucoin worked a s  a G r a d u a t e  R e s e a r c h  A s s i s t a n t  f o r  Texa s  A&M 
U n i v e r s i t y  on t h e i r  A r c in g  F a u l t  D e t e c t o r  p r o j e c t .  The N a t i o n a l  
S o c i e t y  o f  P r o f e s s i o n a l  E n g i n e e r s  named t h e  A r c i n g  F a u l t  D e t e c t o r  a s  
one o f  t h e  Ten O u t s t a n d i n g  E n g i n e e r i n g  A c h i e v e m e n t s  o f  1 9 8 1 .  Mr. 
Aucoin  c o n t i n u e d  t h i s  work on t h e  A r c i n g  F a u l t  D e t e c t o r  i n  h i s  D o c t o r  
o f  E n g i n e e r i n g  i n t e r n s h i p  w i t h  t h e  G en er al  E l e c t r i c  Company.
The a u t h o r ' s  f i e l d  o f  e x p e r t i s e  i s  t h e  a p p l i c a t i o n  o f  
m i c r o c o m p u t e r  s y s t e m s  t o  e l e c t r i c  power s y s t e m  c o n t r o l  and p r o t e c t i o n .
The t y p i s t  f o r  t h i s  r e p o r t  was Mrs.  D e bb ie  H e m p h i l l .  *
